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PREFACE 



IN the preparation of this book there has been a constant effort to present the 
subject to suit the point of view of the business man, the social worker, and the 
legislator. Mathematics have been entirely eliminated. Technical terms are used 
practically not at all. Since the readers whom it is most desired to reach are those 
who have never had any statistical training, consistent effort has been made to keep 
the whole book on such a plane that it may be found readable and useful by anyone 
dealing with the complex facts of business or government. Though written primarily 
for the non-technical man, it is hoped that this book may, nevertheless, prove con- 
venient to the engineer, the biologist, and the statistician. 

A definite effort has been made to produce a work which can serve as a hand book 
for anyone who may have occasional charts to prepare for reports, for magazine 
illustration, or for advertising. Unfortunately, there are extremely few draftsmen 
who know how to plot a curve or prepare any kind of a chart from data presented to 
them in the form of tabulated figures. Most draftsmen can plot a curve if they are 
given the data and an example showing the general type of chart desired. The execu- 
tive who desires a chart is usually too busy to stand by a draftsman and explain 
in detail just how the chart should be prepared as concerns those all important 
detaib of proportion, scale, width of line, etc. It is believed that the owner of this 
book will find it feasible to run through the various chapters and pages until he finds 
a chart most nearly like that which he desires to have made from his own data. 
A sample chart placed before any draftsman of average ability should give the drafts- 
man practically all the instruction needed for the preparation of a similar chart from 
other data. 

Much careful labor has been expended in so arranging the book that a busy 
reader may get the gist of the matter by looking at the illustrations and reading only 
the titles and the sub-titles. The main title under each illustration is intended to 
show exactly what the chart represents, just as if it were used in some publication re- 
lating to the particular subject matter of the chart. The sub-titles relate to method 
and give criticism of each chart as a whole. Though the text gives much more de- 
tailed information concerning method than can possibly be put into any sub-titles, the 
reader who examines only the illustrations and the titles, without any reference to 
the text, will undoubtedly get a major portion of the vital material in the book. It is 
believed that an average reader may go through the illustrations and the titles in 
about one hour. 
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VI GRAPHIC METHODS 

Many of the illustrations which have been borrowed for use in this book are 
criticized adversely. It is the hope that all such criticisms will be accepted as an 
honest attempt toward an advance in the art of showing data in graphic form. In 
fairness to the authors of those charts which are criticized, it must be said that there 
has been a very rapid advance in the art of graphic presentation within the last few 
years and that many of these men would not present the material to-day by the 
methods which may have been used some years ago in the preparation of certain 
charts shown here. Where charts are used and criticized adversely, the charts have 
been included only because it is felt that they show a practice which is rather common 
but is nevertheless of questionable desirability. 

Many of the suggestions for standard practice contained in this book should be 
taken as tentative only. The American Society of Mechanical Engineers has invited 
about fifteen of the chief American societies of national scope to co-operate by sending 
one member each to a Joint Committee on Standards for Graphic Presentation. 
Though this committee is not yet completely organized, and it will be some time before 
any report is available, the reader who desires further information regarding standard 
practice should be on the lookout for any reports which the joint committee may 
publish in the future. 

This volume may arouse in the minds of many readers a desire for more detailed 
information than can possibly be given here. The following books are suggested 
for the person who wishes to take up the study of statistics as related to the collection 
and interpretation of data without special reference to the methods of graphic pres- 
entation. The present work is necessarily limited to the consideration of graphic 
presentation, and those who wish to go further in the general subject of statistics 
should by all means consult books of the type exemplified by **The Elements of 
Statistical Method," by WiUford I. King, The Macmillan Company, New York; 
"An Introduction to the Theory of Statistics," by G. Udny Yule, Griffin and Com- 
pany, London; "Elements of Statistics," by Arthur L. Bowley, Charles Scribner's 
Sons, New York; "Primer of Statistics," by W. Palin Elderton and Ethel M. Elderton, 
Adam and Charles Black, London; "Statistical Averages," by Franz Zizek, Henry 
Holt and Company, New York; "Statistical Methods with Special Reference to 
Biological Variation," by C. B. Davenport, John Wiley and Sons, New York. Any 
list of this sort is, of course, incomplete and these books are mentioned as only a few 
of those which may be found useful to supplement the study of the subject considered 
in this volume. 

Part of the matter here presented was given in lectures delivered at the Graduate 
School of Business Administration of Harvard University, the Amos Tuck Sc*hool 
of Administration and Finance of Dartmouth College, the Northwestern University 
School of Commerce, and the College of Commerce and Administration of the Uni- 
versity of Chicago. Some of the material was presented before the American Society 
of Mechanical Engineers in New York. The advance presentation of matter in 
course of preparation for the press was made with the cordial assent and approval of 
the publishers of this work. 

I am greatly indebted to Mr. Edward Scott Swazey, Mr. Curtis Prout, and Miss 
Katherine Tyng, for valuable assistance and suggestions received during the prep- 
aration of this book. Chapter XV is largely based on an article prepared at the 
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suggestion of the author by Mr. Pierpont V. Davis of New York City and published 
by Mr. Davis in Moody* s Magazine. I wish also to express my thanks to numerous 
friends who have given excellent suggestions and criticisms* during the time the 
manuscript was in preparation. 

If this book should receive any commendation, much of that commendation will 
be the result of good fortune in securing an unusually high grade of drafting skill on 
those charts which are original. 

The author cannot be responsible for the accuracy of the data presented in many of 
the charts shown. The illustrations have been selected partly on account of the 
educational value of the facts, but chiefly because of the methods used in presentation. 
Though great care has been exercised to make the titles complete, the elaboration 
of titles beyond their wording in the original source may have resulted in some in- 
accuracies. 

As far as the author is aware, there is no book published in any language covering 
the field which it has been attempted to cover here. If the presentation of the 
subject appears to be crude and incomplete, it is hoped that any critic will keep in 
mind that there is little precedent for guidance in a territory so unexplored. 

It is impossible entirely to avoid errors in any book containing as much detail as 
results here from the numerous complex illustrations and the necessity of carefully 
worded language to give condensed information. Any corrections, criticisms or 
suggestions will be appreciated by the author. 

WiLLARD C. BrINTON 

New York, June, 1914 
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Chapter I 
COMPONENT PARTS 

AFTER a person has collected data and studied a proposition 
with great care so that his own mind is made up as to the best 
solution for the problem, he is apt to feel that his work is about 
completed. Usually, however, when his own mind is made up, his 
task is only half done. The larger and more difficult part of the work 
is to convince the minds of others that the proposed solution is the 
best one — ^that all the recommendations are really necessary. Time 
after time it happens that some ignorant or presumptuous member 
of a committee or a board of directors will upset the carefully-thought- 
out plan of a man who knows the facts, simply because the man with 
the facts cannot present his facts readily enough to overcome the 
opposition. It is often with impotent exasperation that a person 
having the knowledge sees some fallacious conclusion accepted, or 
some wrong policy adopted, just because known facts cannot be mar- 
shalled and presented in such manner as to be eflFective. 

Millions of dollars yearly are spent in the collection of data, with 
the fond expectation that the data will automatically cause the cor- 
rection of the conditions studied. Though accurate data and real 
facts are valuable, when it comes to getting results the manner of 
presentation is ordinarily more important than the facts themselves. 
The foundation of an edifice is of vast importance. Still, it is not the 
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2 GRAPHIC METHODS 

foundation but the structure built upon the foundation which gives 
the result for which the whole work was planned. As the cathedral 
is to its foundation so is an eflFective presentation of facts to the data. 

We daily see facts presented in the hope of creating interest and 
action for some really worthy piece of work to benefit the people as 
a whole. In many of these cases the attitude of the person presenting 
the matter seems to be that the facts will speak for themselves and that 
they need little or no assistance. Ordinarily, facts do not speak for 
themselves. When they do speak for themselves, the wrong conclu- 
sions are often drawn from them. Unless the facts are presented in a 
clear and interesting manner, they are about as eflfective as a phono- 
graph record with the phonograph missing. 

If it were more generally realized how much depends upon the 
method of presenting facts, as compared with the facts themselves, 
there would be a great increase in the use of the graphic methods of 
presentation. Unlimited numbers of reports, magazines, and news- 
papers are now giving us reams of quantitative facts. If the facts 
were put in graphic form, not only would there be a great saving in 
the time of the readers but there would be infinite gain to society, 
because more facts could be absorbed and with less danger of mis- 
interpretation. Graphic methods usually require no more space than is 
needed if the facts are presented in the form of words. In many 
cases, the graphic method requires less space than is required for words 
and there is, besides, the great advantage that with graphic methods 
facts are presented so that the reader may make deductions of his 
own, while when w^ords are used the reader must usually accept the 
ready-made conclusions handed to him. 

In many presentations it is not a question of saving time to the 
reader but a question of placing the arguments in such form that re- 
sults may surely be obtained. For matters affecting public welfare, 
it is hard to estimate the benefits which may accrue if a little care be 
used in presenting data so that they will be convincing to the reader. 
If the average citizen, and especially the business man, knew how to 
interpret charts and curv-es, it would be feasible to convey to him in 
effective form those facts relating to broad public improvements, 
public-service operation, and national. State, or municipal manage- 
ment, which might affect the whole fabric of our civilization. Archi- 
medes wanted only a fulcrum for his lever and he would move the 
world. If the world is ever moved it will probably be by facts properly 
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presented. The method of presentation is the fulcrum without which 
facts, as a lever, are useless. 

The preparation and interpretation of simple charts and curves 
should be taught in the public schools as a part of arithmetic. The 
work of kindergarten nature now done in the lower grades of the 
public schools could very readily be extended so that the pupils would 
be making charts and curves without realizing that the work (or play) 
had any relation to mathematics. Text-books for geography are al- 
ready making eflFective use of charts. In the public schools of Newark 
and of Trenton, New Jersey, grammar-school pupils are preparing 
charts and plotting curves relating to records which show the present 
condition and recent' development of their home city. The principles of 
charting and curve plotting are not at all complex, and it is surprising 
that many business men dodge the simplest charts as though they 
involved higher mathematics or contained some sort of black magic. 

If an editor should print bad English he would lose his position. 
Many editors are using and printing bad methods of graphic presenta- 
tion, but they hold their jobs just the same. The trouble at present 
is that there are no standards by which graphic presentations can be 
prepared in accordance with definite rules so that their interpretation 
by the reader may be both rapid and accurate. It is certain that 
there will evolve for methods of graphic presentation a few useful 
and definite rules which will correspond with the rules of grammar 
for the spoken and WTitten language. The rules of grammar for the 
English language are numerous as well as complex, and there are about 
as many exceptions as there are rules. Yet we all try to follow the rules 
in spite of their intricacies. The principles for a grammar of graphic 
presentation are so simple that a remarkably small number of rules 
would be sufficient to give a universal language. It is interesting to 
note, also, that there are possibilities of the graphic presentation be- 
coming an international language, like music, which is now written 
by such standard methods that sheet music may be played in any 
country. 

With oral and written language and with tabulated figures also the 
reader sometimes draws conclusions regarding the relative importance 
of different things from the comparative length of time or amount of 
space used in presentation. Graphic methods overcome this difficulty 
by showing quantitative facts in true proportions which give instantly 
the correct interpretation. In tabulations like that on page 4 it is only 
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4 GRAPHIC METHODS 

the highly skilled reader who can refrain from regarding the five differ- 
ent items listed as of somewhere nearly equal numerical importance, 
simply because the five different items are given exactly the same space 
and prominence when written down on the page. 

Pekcentaoe of Each Race in the Population of the World 

Yellow 45 

White.. 41 

Black 11 

Brown 2 

Red 1 

It requires mentcl ccnccntiaticn in interpreting even these simple 
figures to get the correct Impression of the verj' large percentage of 
the two chief races and the numerical insignificance of the one last 
named. If these data were shown in a simple horizc^ntal bar, somewhat 
like that seen in Fig. 1, the relative proportions of the different races 
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Fig. I. Disposition of a 5-ceiit Fare Paid to the Boston Elevated Railroad in 
Ending September 50, 1909 

Tlic horizuntul bar gives on capeciall.v goud muthol fur shuwiiig compononl purts 
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would instantly be seen without any mental effort on the part of the 
reader. 

Fig. 1 is a very satisfactory form of chart to bring out the component 
parts of any group total. The horizontal bar need be made only wide 
enough to show the various kinds of shading necessary to give a good 
contrast. Engineering dimension lines above each block in the bar are 
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of great advantage 
for convenient read- 
ing.- The dimension 
lines permit of group- 
ing in such a manner 
that several of the 
detail blocks could 
be included in vari- 
ous sets of dimension 
lines to show such 
items as total fixed 
charges, total operat- 
ing expenses, etc. 

In this type of 
chart the actual 
figures representing 
the value of the com- 
ponents should be 
given for the use of 
any reader who may 
wish to draw his own 
conclusions or to 
make new combina- 
tions of figures dif- 
ferent from those shown in the chart. As a general thing it is always 
desirable to have full data given on any chart. Fig. 1 gives all the data 
without in any way detracting from the ease of reading the chart itself. 

It would be desirable to have a large number of the illustrations 
in this book printed in color. Charts whi<'h are made in color can read- 
ily bring out points which are not easily portrayed when only black ink 
is used. The reader should keep in mind for his own work that he 
should use colors in making those charts where colors are economically 
possible. For the purpose of this book, color printing is prohibitive 




Hg. 2. Dispositioii of the Gross Revenue of the Bell Tele- 
phone System for the Year 1911 

Hiis chart wai taken from the annual report to the stockholders of the 
American Telephone and Telegraph Company for the year ending 
December 31, 1911 

The eircle with sectors is not as desirable an arrangement as the hori- 
zontal bar Hhown in Tig. I 
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on account of the cost. In printed reports, in magazine articles, and 
in magazine advertising, color printing is not at the present time com- 
monly available. The illustrations of this book will accordingly show 
what can be done in printing complex charts with only one color of ink, 

under the same conditions 
that would be found in the 
preparation of material for 
magazine articles, printed 
reports, and ordinary pro- 
spectus or other advertis- 
ing matter. 

Fig. 2 is a form of chart 
used probably more widely 
than any other form to 
show component parts. The 
circle with sectors is not a 
desirable form df presenta- 
tion, howeven/because it 
does not have nearly such 
flexibility as the method 
shown in Fig. 1 . The sector 
method does not permit of 
convenient arrangement of 
names for the different 
components. Note that the direction of the lettering must be reversed 
as the eye proceeds around the circle. In this case, "Interest and 
Dividends" reads upward while "Materials, Rents, Traveling Ex- 
penses, etc." reads downward. Another disadvantage of the sector 
method is the impossibility of placing figures in such manner that they 
can be easily compared or added. The horizontal-bar method permits 
of placing figures so as to keep the decimal points in line, thus making 
it possible to add the whole column of figures relating to the various 
components. 

The sector method is probably so widely known through presentation 
in exhibits, illustrations for popular magazines, etc., that it is more 
generally understood than any other methoti now in use. The more 
easy reading of the wedge or sector chart is, however, largely due to 
habit. If the horizontal-bar method of Fig. 1 were used as frequently 
OS the sector method, it would be found in every way more desirable 




Fig. 3. 



Disposition of a Fanily Income of from 
$900 to Siooo 

His cut ahowa an attempt tu put figures in pi^ular form. 
Hh" f jf a likely to judgr by the site of the pietures rather 
than by the angles uf the sertors 
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than the sector method and would, in a very short time, become so well 
known that it would be read much more quickly and accurately than 
the method involving sectors. 

In Fig. 4 a double scale is used by which the same data can be 
interpreted from two different standpoints. On the left the scale is 
given in millions of tons, and on 
the right in millions of dollars. 
The reader can interpret the chart 
from whichever standpoint he 
prefers. Though this chart is ar- 
ranged vertically instead of hori- 
zontally, it really makes little 
difference which way the bars are 
placed. As a general thing, the 
horizontal arrangement lends itself 
, more readily to the use of type so 
that the reader may read type 
statements without having to turn 
the book. 

In Fig. 5 the whole population 
of the United States is divided first 
into native white, foreign white, 
and colored, then each of these 
groups is subdivided according to 
place of birth. This is an excellent 
type of chart to use if subdivi- 
sions in the component parts of 
any unit have to be shown. If the 

scale to which the chart is drawn ^ ^__ ,^ 

is specified, it is possible for the pig. 4. Utaization and Accompanying 
reader to measure, with an ordi- Wastes of One Year's Coal Supply for 

nary ruler or with an engineer's ' SS°sSls°° ^^"^ °' *' 

scale, the exact percentage size of Jbe double scale permits reading this chart in long 

each of the different components. *"" '" '^''"^" 

If the chart is made on co-ordinate paper with ruled squares, the 
reader can obtain the size of each component direct from the co-ordinate 
lines. The trouble, however, with using co-ordinate paper for charts 
of this sort is that the components are likely to begin and end at points 
not falling upon the co-ordinate lines, thus making it necessary to count 
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fractions of a division at both beginning and end of the component 
to be measured. The best thing in charts of this kind is to use unruled 
paper, and specify the scale. The reader, if he wants the exact data, can 
take his measuFj^ments with a ruler. The engineer's scale has its sub- 
divisions in dqt^als and hence is the most convenient scale for chart 
work. An engineer's scale should be part of the equipment of every 
person who has charts to make. 

Another method of showing the relative size of the divisions and sub- 
divisions of a unit or group is shown 
in Fig. 6. In this case we have the 
total population of the United States 
split into its component groups accord- 
ing to the condition in regard to mar- 
riage. The subdivision bars, given be- 
low the total bars, show the conjugal 
condition in each of the main groups 
which enter into the total population. 
Each of these main-group bars is cross- 
hatched to show the conjugal condition 
within the group. The combined length 
of the four bottom bars is equal to the 
length of the total-population bar 
shown at the top. These same data 
could have been presented by tlie 
method shown in Fig. 5. It will be 
noted, however, that in Fig. 6 all the 
6gures have been included, and are 
available for reference purposes with- 
out detracting from the utility of the chart itself. The lettering was 
done by hand and shows the possibilities for neatness resulting from 
hand work when a skilled draftsman is employed. In many ways the 
method of Fig. 5 is preferable, but it is probably true that Fig. 6 
would be more readily understood by the average untrained reader. 

Where there are a large number of items to be compared and the 
components of each item are given, the method of Fig. 7 is a \'er\^ 
convenient one. The Census AUas for the 1900 Census contained 
many pages of charts of this tyfte toJ^ils comparisons of different States. 
By placing bars for all the States on one page, the total for the country 
is shown as 100 per cent in the vertical direction. No vertical scale 



i^^i^i^jf Seal* i), inch Vfial» 5 parcvrt 

Kg. 5. Elements of tlie Population 
of the United States in igoo 

Here the components uf the total population 
are shown in their relative a\ze» on the 
vertical scale. Each nomponent is also 
divided into different subai visions whose 
pen^mtage siie may be read from the 
horizontal acKle. This is an admirable 
method of presentatioa if components 
must be subdivided 
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Fig. 6. Conjugal Condition of the Population of the United States in 1900 

The four lower ban show components of the total population represented by the upper bar. The combined 

length of the four lower bars equals the length of the upper bar 

is used, all the bars being made of equal width. In this particular 
case (Fig. 7) we have a total split into its components and again sub- 
divided so as to show the prevalence of a second factor which is in- 
cluded in the first. Thus, we see the proportion of illiterates in each 
of the main groups of population for each State. All of the States 
are shown on the same basis, since all are depicted by bars of the same 
length representing 100 per cent. It is not easy to make a clear black- 
and-white drawing if one kind of cross-hatching must be placed on 
top of another kind. Fig. 7 shows that it is possible, however, to 
superimpose two kinds of cross-hatching and get a drawing that 
is fairly clear. The facts in this chart would have been brought out 
better if colors had been used for the main divisions of population. 
Ruled cross-hatching in black to represent the percentages of illit- 
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Fig. 7. Males of Voting Age in certain States, in 1900, by Color and Nativity and 

by Illiteracy 

A method for two successive divisions into components is shown here. The proportion of illiterates in each 

gn)iip Ls brought out by the horizontal ruling 



erates would show clearly through 
the colored ink used for the main 
divisions. 

Though it would have been 
possible to portray the data given 
in Fig. 7 in the form of the square 
shown in Fig. 5, the square would 
take up so much room on the page 
that the method would be prohib- 
itive if all the States had to be 
shown on one page for comparison. 
With the method of Fig. 7, it is 
possible to place on one page all 
the forty-eight States so that com- 
parison between States can be 
made instantly and accurately. 

Fig. 8 shows another method of 
analyzing to 100 per cent in each 
of two directions. The method of 
Fig. 5 could be used for these data, 
but would not be as easy to under- 
stand as the method of Fig. 8. 
Fig. 5 would require most careful 
cross-hatching to bring out the ver- 
tical subdivisions for each of the 
diflFerent States. By using the 
method of Fig. 8, each State can 
be shown distinctly even if it is 
only the width of a line, as in the 
case of Nevada or Wyoming. The 
wide space between the diflFerent 
bars showing the States adds tre- 
mendously to the clearness of the 
diagram. The vertical scale for 
the width of bars is made accord- 
ing to the number of electoral 
votes from each of the States. 
New York has more electoral votes 
than any other State, and is there- 
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Prof. Irving Fisher in the S'ev York Timet 

Fig. 8. The Vote for President in 1908 
and in 1912 by States 

Compare thb with Fig. 5 where the vertical scale 
is continuous, without the gaps necessarj' here 
in order to distinguish different States. 
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fore given greater width than any other State in proportion to the 
greater size of its electoral vote. The horizontal division has been 
made according to the percentage number of votes for each of the 
main political parties. Two different elections are shown by using 
solid lines and dotted lines. The chart proves that the Democratic 
vote of 1913 was essentially the same as the Democratic vote in 1908, 

and that a Demo- 
crat was elected 
President in 1912 
largely because 
there were three 
candidates in 191S 
and only two in 1908. 
This is an admirable 
piece of presentation 
even though the 
lettering and draft- 
ing are not quite as 
good as they might 
have been if more 
care had been used, 
though probably al- 
lowance must be 
made for the limita- 
tions of paper and 
presswork in daily 
newspaper printing. 
When studying a number of varied components, and the relations 
of each to every other one, a chart like Fig. 9 is frequently of great 
assistance. This chart shows that certain components are affected by 
features which may not affect other components. We have here the 
total cost of motor trucking, studied according to the components of 
the cost and also according to the conditions which produce those 
component costs. We may consider either the service conditions or 
the cost components. We have 100 per cent in the horizontal direc- 
tion and 100 per cent also in the vertical direction. The total of the 
components in either direction is 100 per cent, but the actual size of 
each is not given because the size is not known or because it may 
vary from time to time. 




Fig. 9. The Factors Entering into the Annual Cost of 
Motor Tnickuig Service 

The tcheme of Uii* convenient fonn of tabulation is somewhat similar 
to that of Fig. S. Here, however, the compoaenta are only named 
without denoting their relative aiie or importance 
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Fig. 13. Organization Chart of a large Company Manufacturing Stoves 

A complete orgaoiiatioii chart should always include the stockholders and the Board of Directors as shown 

A diagram like that of Fig. 10 may be of considerable assistance 
if a very complex relation of components has to be shown. In Fig. 9, 
the components have only one subdivision. In Fig. 10, however, 
we have fiiel cost subdivided as many as five different times. Though 
the method of Fig. 10 could easily be used for the data of Fig. 9, that 
of Fig. 9 has its advantages in that it makes printing cheaper and 
is therefore desirable whenever it can be used. Fig. 9 can be prepared 
on a typewriter or can be set up by any printer, while Fig. 10 requires 
the making of a drawing. 

In Fig. 11 the ramifications of the influence of the J. P. Morgan 
Company and various large banking concerns are shown. This chart, 
taken from the Pujo Money Report, was drawn originally in several 
different colors of ink. Though the windmill effect of the chart is 
rather disagreeable to the eye, the chart nevertheless shows the ap- 
plication of the graphic method to such complex situations as it is 
almost impossible to portray with language alone. 

Organization charts are not nearly so widely used as they should 
be. As organization charts are an excellent example of the division 
of a total into its components, a number of examples are given here 
in the hope that the presentation of organization charts in convenient 
form will lead to their more widespread use. 
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It has been well stated that an organization chart closely resembles 
a genealogical tree. 

Authority reaches down through the several branches of an organization like 
descent of blood, and, if properly planned, it will be as irregular for a factor in an 
organization to be in doubt as to the person in authority over him as for the child 
to deny the parentage of his father. Such a chart should be drawn for every or- 
ganization, even more especially for those organizations which are short-handed ex- 
panding businesses in which one man holds the authority of several positions. It should 
be graphically shown what positions are only temporarily filled, so that when new men 
are engaged they will fit into the scheme with functions planned. Then there will 
be no irritation, no feeling on the part of some that their authority has been usurped. 

If such a chart is made there will be fewer cases of conflict or of short-circuiting 
of orders. Every command from the general that is given directly to the private 
over the head of the captain weakens the authority of the captain over the private 
and weakens the authority of the general over the captain. A military organization 
is so planned that each man knows from whom to take orders, but business proceeds 
too much on personal authority. An organization chart will help to prevent this. 

Of course, no two businesses can have identical organizations. The skeleton 
may be the same, however, and just as the proper study of the functions of the human 
body begins with the skeleton, so the study of organization should begin with those 
simple outlines which appear, in the main, in all completely and successfully organ- 
ized businesses. Very few enterprises are organized properly. Very few have an 
organization that can be charted at all. That is one reason why there is such in- 
eflSciency in industry. 

As a general thing it is better to have an organization chart begin 
with the stockholders and then show the board of directors as inter- 
mediate between the stockholders and the president. In reality, a 
typical organization chart represents the shape of an hour glass or a 
double funnel, with the large number of stockholders on one side and 
the large number of employees on the other. The bgard of directors, 
the president, and the officers of the company are at the narrow part, 
with the president as the intermediary through which all transactions 
take place between the large number of stockholders and the large 
number of employees. 

The routing of work through the many processes and departments 
of a large plant is a subject of such great importance that charts are 
frequently desired for the study of such routing. Fig. 14 is a fairly 
good example of this class of chart. In a complete chart, the depart- 
ments would of course be designated for easy reference, by names, 
numbers, or letters. Colored ink could ht used to keep one class of 
work distinct from another. Colored inks would help tremendously 
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Fig. 14. Graphic Representation of Processes and Routing in a Representative Plant 
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in simplifying Fig. 14, but are not available here because of the pro- 
hibitive expense of color printing. Colored drawing inks can be ob- 
tained at almost any stationery store. A bottle of each color should 
be a part of the equipment of any person who is regularly doing chart 
work. Note in Fig. 14 the small curves drawn where one route line 
crosses another line. By means of small curves like these it is very 
easy to keep the lines separate and to show clearly that the Unes 
crossing each other are entirely independent. 

Orders and other printed forms sent through a large organization 
must follow a routing entirely distinct from that actually followed 
by the heavy materials. The routing of printed forms in a large 
business is, in itself, a matter worthy of most careful study to get a 
true understanding of their complex movements. A clear idea of 
office system is almost impossible unless the data are charted. Fig. 15 
may give some suggestions for a chart to show the movement of printed 
forms through an industrial plant. Here again printing by colored 
inks such as w^ould be used on the original drawing would be of great 
service in making the chart easy to understand and easy to follow from 
department to department. 

If a building contains many stories the routing diagram for mate- 
rials and also the routing diagram for printed forms can be made 
conveniently by a rough perspective drawing showing the different 
floors as planes one above the other. Colored ink lines on the 
perspective chart will show clearly the movement of materials through 
the manufacturing building, and will indicate the elevator movements 
for material in a manner not possible if the departments are repre- 
sented all in one plane on the ordinary sheet of paper. Perspective 
charts of floors, one above the other, are so simply made that their 
advantage should not be overlooked when preparing routing charts 
for plants having multi-story buildings. 



Chapter II 
SIMPLE COMPARISONS 

ONE of a business man's chief assets is his ability to show things 
to others in their true proportions. He is continually making 
contrasts, and holding up for comparison different propositions 
which come up in his daily affairs. The graphic method lends itself 
admirably to use in making comparisons. It is surprising how much 
clearer even simple comparisons of only two or three items will appear 
when their numerical value is put in graphic form rathel- than in figures. 
Fig. 16 is a cut taken from the report of the Metropolitan Sewage 
Commission. Most people know so little about bacteria that it would 
mean nothing to them to say that the Harlem River contains 15,600 
bacteria per cubic centimeter of water. When, however, such a com- 
parison is made as is shown in Fig. 16, even the most casual glance 
would convince anyone that the Harlem River is not the most ideal 

Bacteria per Cubic Centimeter of Water 
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Fig. 1 6. Bacteria in the Waters of New York Harbor 

This illustration is taken from the "vport of the Metropolitan Sewage 
Commission. The representation as though seen through a micro- 
scope is decidedly effective 

swimming place. The figures for the bacteria count are given with 
the chart so that all the data are available to anyone who may wish 
to study the facts from a scientific standpoint. 

The drawing of Fig. 17 is of the cartoon type, effective for wall 
exhibitions or for use in the more popular magazines. This particular 
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The Indepmdeni 

Fig. 17. Five Forms of Our National 

Waste 

A cartoon type of chart like this will reach a 
popular audience. Accuracy of statement 
should not, however, be sacrificed as it has 
been here, in that there is no way of correctly 
comparing the money bags 



diagram contains nothing by which accurate comparison may be made. 

No figures are given, and it is impossible to tell whether the different 

money bags should be compared on 
the basis of diameter, area, or volume. 
Almost the only conclusion which 
can be drawn from such a diagram 
is one regarding the relative rank of 
the different expenditures. The re- 
liability of even that is likely to be 
questioned because of the evident 
lack of accuracy in this kind of chart. 
Nevertheless the cartoonist style 
should not be broadly condemned, 
for it has tremendous possibiUties, 
It is possible to combine the car- 
toonist's wonderful power of arous- 
ing interest with methods of present- 
ing facts which will give a numerical interpretation that cannot be 

misunderstood. There is a great oppor- 
tunity waiting for the man who can 

combine cartoon methods with accuracy 

of numerical statement. 

Fig. 18 gives a statement which the 

illustration does not support. In the 

first place, the dates of the two years 

compared are not given. In the second 

place, it is impossible for the reader to 

tell whether the diagram is drawn on the 

basis of one dimension, two dimensions, 

or three dimensions. It would be a hope- 
less task to fit the area of the smaller 

washing machine into the area of the 

larger washing machine. Methods like 

this cannot be too severely condemned. 
Commercial geography, as it is now 

widely taught in the public schools by 

listing the various imports and exports of 

countries and the products of different 

cities, fails to give a clear idea of the 



The sale of washing- 
machines has increased 
sevenfold in the past 
three years. 





Good Jlousckteping 

Fig. 18. Illustration Intended to 
Show that the Sale of Wash- 
ing Machines has Increased 
Sevenfold in the Past Three 
Years 

In comparing the two pictures it is not 
likely that the reader will obtain a 
ratio of seven to one. There is no 
way for the reader to tell on what basis 
the drawing was prepared, whether by 
height, area or volume. The title of 
this chart is also poor in that it does 
not name the two years for which the 
comparison is made 
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Tan and McMurray's New Geoffraphtes 

Fig. iQ. The Six Leading Cotton-producing Coun- 
tries in iQio 

This arrangement is a bad one to place before school children. 
The eye cannot fit one square into another on an area basis so 
as to get the correct ratio 



relative importance of the materials listed. It frequently happens that 
the second or third item on a list may have only one-tenth the impor- 
tance of the first item. Because the three names are given one after 
the other, the pupil is quite likely to consider the three items of equal 

importance, just as three 
persons may be of differ- 
ent height, yet of about 
the same importance. 
The graphic method judi- 
ciously applied to school 
geography and to general 
commercial geography 
would make a tremen- 
dous difference in the 
student's grasp of the 
subject. 

Fig. 19 is a typical example taken from a geography book in which 
the attempt was made to use the graphic method. The introduction 
of the picture of the bale of cotton in Fig. 19 is justifiable. There is, 
however, no justification for placing the picture inside of one of the series 
of squares. The picture detracts from the size of the square. Graphic 
comparisons, wherever possible, should be made in one dimension 
only. In such a case as this, one-dimension presentation is perfectly 

o 2500 sooo 7500 jooc^ fcasiblc by the use of bars 
I ! n I I I I I I 11 I I I I I i" I I of different lengths. The 

pupil would find it an al- 
most hopeless task to fit 
one side of the block for 
Brazil into one side of the 
block for the United States 
and then square the result- 
ing ratio in order to learn 
that the United States pro- 
duces, roughly, thirty times 
as much cotton as Brazil. 

Bars in one dimension Only would show the comparison accurately. 

Under any circumstances, the use of the squares of Fig. 19 with the 

center line through the centers of the squares gives an extremely poor 

arrangement. 
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The world's produC" 
tion of cotton, in igo^, in 
millions of pounds. 

Dodge' a Advanced Geography 

Fig. 20. The Worid's Production of Cotton in 1905 

in Millions of Pounds 

The above illustration together with the title is shown exactly 
as given in a recent geography l>ook. Charts like this 
greatly assist the pupil in getting the correct relative im- 
portance of the different things studied. Note the scale 
at the top of the chart • 
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Fig. 21. Value of Manufactured Products of Principal Cities of the United States 
in 1909 



It is stated by the author of the book in which Fig. 19 is used 
that tests have shown that children grasp relative quantities better 
when separate squares are used than when the information is shown 
by lines or bars. If this is the case, it is pro!)ably due to the fact 
that tJie squares appear more proniinenTly to the eye than do the bars, 
and it would seem that the best kind of presentation might be made 
by using much wider bars so that the bars would be easily seen. Bars 
can be made as wide as some of the squares seen in Fig. 19 and, if it 
seems best, the bars could be made in outline rather than in solid 
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black. Wide bars would give a striking visual effect and yet they 
would vary in one dimension only, so that relative proportions could 
be easily judged. Wide bars would probably have all the advantages 
and none of the disadvantages of the methods of either Fig. 19 or 
Fig. 20. Instead of showing the data of Fig. 19 by either bars or 
squares, another method wouM show pictures of bales in rows of dif- 
ferent lengths, on the general scheme of Fig. 41. The rows would be 
the same as the broad horizontal bars, but their numerical interpreta- 
tion would be less abstract. 

Fig. 20 gives a diagram taken 
from another geography book. 
This is a much better form of 
presentation than used in Fig. 19. 
It could, however, be improved by 
giving the figures for each country 
in connection with its own bar. 

Fig. 21 shows the horizontal- 
bar method applied to a larger 
number of items and proves the 
great utility of this method when 
several different items must be 
shown in their proper rank. In 
this case, however, the figures 
should have been given for the 
convenient use of any one who 
might wish to make ratios or to 
quote the actual value of products 

for any one of the cities. It is exasperating to run across a diagram 
of this kind which contains valuable information in such form that 
it cannot be carried away or quoted for' use elsewhere. 

In Fig. 22 an attempt has been made to show in the graphic 
presentation the figures from which each horizontal bar was drawn. 
The method of placing the figures at the right of the bar is, however, 
unsafe. The eye is likely to make a comparison, not from the ends 
of the bars themselves, but from the right-hand end of the figures. 
Since the figures are of about constant length, visual ratios are in- 
accurate when made by comparing a short bar plus the constant 
length of figures with a long bar plus the constant length of figures. 
If the shortest bar in Fig. 22 were about the same length as the space 



Departmmt of Sunevi and Bxhttrtta. Ruttdi Sage Foundation 

Fig. 22. Comparison of School Cost per 
Pupil in Cities of 25,000 to 35,000 
People in New York State 

This illustration was photographed down from a 
wall exhibit to adapt it to a printed report. The 
use of the figures at the right-hand end of the 
bars is bad practice. The eye is apt to make 
the comparison from the last figures rather than 
from the ends of the bars 
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required for the figures, it would be possible to make a visual error 
of 100 per cent in the comparison. If the figures had been placed at 
the left of the bars, they would have been in a neat column and not 

at all likely to affect the ac- 
curacy of the visual com- 
parison. 

The chart. Fig. 22, was 
taken from a report devoted 
entirely to the city of New- 
burgh. On this account, 
it would have been much 
better if the word "New- 
burgh'' had been printed in 
heavy-faced type so that it 
would stand out from the 
other cities in the list. 
Where the use of colored 
ink is possible, it is fre- 
quently desirable to make 
the item under foremost 
consideration stand out 
prominently by giving it a 
brilliant color such as red 
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Fig. 23* Comparison of the Registered Shipping 
of the Principal Countries of the World 

The picture at the top of the chart assists in attracting the 
attention of the r^der. After the attention is gainec^ the 
bars set forth the comparison more accurately than it 
could be given by any pictures of ships of different sizes 



or green. 

Fig. 23 is an attempt to give a popular touch similar to that at- 
tempted in Fig. 19 by the bale of cotton. As a general thing, it is 
possible to attract attention by some such scheme as the steamship 
used in Fig. 23 and then, after the attention is attracted, to give the 
comparison by methods which are entirely correct and also familiar 
to the average observer. In Fig. 23 the figures are given lor the data 
from which the bars are drawn. The values, however, were so large 
that it was necessary to leave off the last three ciphers and state that 
the values given are in "thousands of tons." Though the dropping 
of ciphers is very common, it is a practice likely to lead to serious 
error and should not be encouraged. Even with the ciphers omitted, 
the values could not possibly have been given inside the bar if more 
countries had been included in the list, or if the scale had been any 
smaller than that shown here. To place above each bar the title for 
that bar is not good practice. In general, it is desirable to have a 
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title for each bar at the left, then the figures, then the bar. With such 
an arrangement, one title will be below another, easily perceived by the 
eye, and the figures will all be in one column with the decimal points 
in a straight line. 
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AUSTRALIA. 
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Fig. 24. Production of Copper in Different Countries 

for One Year 

This chart is a redrawing of Fig. 25. The title here should state the year, 
but that was not given in the book from which Fig. io was taken 



Figures running 
into millions can be 
easily read from long 
columns if sufficient 
white paper is left 
between figures in 
the vertical arrange- 
ment, and if each 
group of three figures in the horizontal arrangement is widely set off 
by means of a comma. For graphic work, the groups of three figures 
should, in general, be more widely set apart than they are ordinarily. 

Fig. 24 shows the arrangement with the figures at the left of the 
bars. Here again, however, the ciphers have been omitted when it 
would probably have been just as clear if they had been included and 
set off by means of a comma and a wide space. The drawing for the 

pigs of copper 
shown at the left 
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of the illustration 
gives an idea of 
what can be done 
by hand drawing 
in order to at- 
tract attention to 
the subject which 
the chart itself is 
intended to illu- 
minate. In this 
case the lettering 
Fig. 25. A Year's Production of Copper in Tons also has been done 

This illustration was copied from a prominent book on international trade. bv hand and is R 
Accurate interpretation of the chart is impossible, (jiraphic work of *' j , - 

this sort is dangerous because it may be misleading gOOQ example of 

what a skilled 
draftsman may do without any great expenditure of time. The solid 
black bars of Fig. 24 come out in much better contrast than the gray 
bars of Fig. 23. 



\ ,..,,yyyyy/ 

United States 
493.476 



Mexico Spain & Jarwin (^faile .Australia Germany Canada 
Portugal 
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Federated Malay 
SUtes 
68,856 



Bolivia 



Fig. 25 shows a chart of the same data from which Fig. 24 was 
drawn. It is readily seen that it would be impossible for the average 
reader to tell whether this chart was drawn on the basis of height or 
the basis of area. The pigs of copper are not of the same size in the 
different piles, and it is evident that a pictured pig of copper is not 
intended to be the unit. If Fig. 25 is drawn on an area basis, it is al- 
most impossible for the eye to fit the area for the right-hand pile into 
the area of the left-hand pile. This chart is a typical example of 
thousands of illustrations used by the popular magazines and even 
by some of the more pretentious reference books. 

Fig. 26 is an even greater 
atrocity than Fig. 25. In Fig. 
26, the observer is entirely un- 
able to tell whether comparison 
is made in one, two, or three 
dimensions and he has an addi- 
tional puzzle because of the large 
amount of perspective shown 
for the top of the pigs of tin. 
It would be surprising if one man 
in a thousand could guess any- 
thing near the ratio intended to be expressed between the largest and 
smallest pigs show^n. In general, graphic w^ork of this kind is much 
worse than the use of figures alone. There are times when an ab- 
sence of knowledge is better than incorrect knowledge. 

Fig. 27 is a good example of what can be done as a standard arrange- 
ment for simple comparisons. On the left there is a symbol to attract 
the eye and interest the observer. 
Note that a dollar mark is shown 
on top of the picture of the bale 
of cotton in one case and the sheaf 
of wheat in the other, to indicate 
that the value of the crop is con- 
sidered rather than the number of 
units. After the pictures, which 
may be thought of as "eye catch- 
ers," we have the figures, and then 
the bars plotted to scale for quick comparison by the reader. This 
cut could have been improved slightly if the spaces between the sep- 



Dutch E. Austra- United Siam 
Indies lia Kingdom 

29,937 15.807 1«,755 5,0Si 3,000 

PhOipi' Chamber of Commerce AtUu 

Fig. 26. A Yearns Production of TininTons 

This illustration, taken from the same source as Fig. 
25, is even more confusing. The perspective of 
the tops of the pigs of tin is such that there is 
no way of telling whether visual comparison 
should be made by height, area or volume 




COTTON $ 620,320.000 



WHEAT $561,051,000 



Fig. 27. Value of Cotton and of Wheat 
Produced in the United States in 1910 

Here is a suggestion for a standard arrangement for 
horizontal-bar comparisons. The illustrations 
at the left make the presentation popular in 
form, yet actual figures for the data are given 
at the left-hand end of the bars 
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arate groups of three figures had been made somewhat larger and if 
the black bars had been made about one and one-half times as wide 
as shown here. 
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United Statet Stattstieal AUaa. 1900 Cetuut 

Fig. 28. Status of the Population of the United States in 1900, in Regard tp Marriage 

This chart would have been improved if the figures had been given at the left end of the bars. Note that 
the four lower groups of bars are a cross-index of the information given in the upper group 

Another application of the bar method is seen in Fig. 28. Each 
of the four lower groups of population is a subdivision of the total 
population shown in the upper group. The same data may be 
seen portrayed in a different way in Fig. 6. The arrangement of 
Fig. 6 is more desirable, in that the size of the components is more 
readily grasped when all are shown in the same horizontal bar. In 
Fig. 28 the eye does not readily make the addition necessary to fit 
together the four items "Single," "Married," "Widowed," and 
"Divorced" as percentages of the total 100 per cent in each group. 

The drawing in Fig. 29 is a portion of an illustration intended 
to show how far different kinds of trucks could travel for an expend- 
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iture of one dollar. The placing 
of these trucks on different levels 
is somewhat confusing, but it was 
don^in order that one truck would 
not have to be shown back of an- 
other. Note the bars behind each 
truck, to give the component parts 
of the total expenditure split into 
different kinds of charges. This 
chart is grossly misleading because 
the point where the race started 
is not shown. It appears, for in- 
stance, that for one dollar ex- 
pended a five-ton gasoline truck 
will run about twice as far as a 
five-ton horse truck. This con- 
clusion is entirely unwarranted, 
and would not be reached by any 
reader if the chart had been so 
drawn that the zero point or 
starting point for the race had 
been shown to scale at the left 
end of the chart. 

The black bars used in Fig. 30 
to show contagious diseases indi- 
cate an excellent method for differ- 
entiating items shown in graphic 
comparison. In theBoston health- 
report illustration from which this 
cut was adapted, the infectious 
diseases were shown in red. By 
making most of the bars in outline 
only, it was possible in Fig. 30 to 
use solid black to get the contrast 
obtained in the original report by 
means of red ink. 

It is frequently necessary to 
show increases and decreases on 
the same chart so that they may 
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Fig. 30. Comparative li^ew of Twenty- 
five of the Principal Causes of Death 
in Boston During 1910 

In the Boston report, the infertioua diseosra were 
reprFsenle<l by nil ban. Here attention is called 
to the intertious dJKeascH 1iy using solid black 
bare in contrast with bars shown only in outline 

zero line. The figures can be 
placed on the left-hand margin 
of the chart, immediately between 
the title for each bar and the end 
of the bar, in a manner similar to 
that shown in Fig. 27. Since the 
zero line must be near the center 
of the chart, rather than at the 
left-hand edge, when the right- 
and-left arrangement is used, it 



be in contrast. In Fig. 31 an ex- 
ample of the contrast of increases 
and decreases is given, increases be- 
ing shown to the right of the zero 
line and decreases shown to the left 
of the zero line. This right-and- 
left arrangement of increases and 
decreases is fairly well known and 
is so convenient that it should be 
more widely used. The actual 
figures from which each of the hori- 
zontal bars is drawn can be shown 
on the chart even if the horizontal 
bars are drawn to the left of the 
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Fig. 31. Increase is Here Shown to the 
Right of the Zero Line and Decrease to 
the Left of the Zero Line. A Heavier 
Zero Line and Arrows Pointing Right 
and Left from it Would Improve I^his 
Chart 
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would be well to have a broad line for the zero line, so that the 
eye may at once perceive that zero is not at the left-hand edge of the 
chart. It would have been better if the zero line in Fig. 31 were some- 
what broader. Another help to the reader could be given by placing 
an arrow pointing to the right with the word "increase" and an ar- 
row pointing to the left with the word "decrease." 
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Jearnal Amir. Sk. UtclanUal Eniitiuttt 

Fig. 32. Comparative Losses Between the Power House and Locomotives with Differ- 
ent Systems of Electric Traction 

The comparison of the losses io the ditTerent power systems is verj' dearly shown in this illustration, «hich 
was taken from a paper by George Westinghouse 

Broad bars can be used either vertically or horizontally. The hori- 
zontal arrangement is usually the more convenient, as it lends itself 
more readily to the use of type and horizontal lettering for the titles, 
data, etc., of each bar, without forcing the reader to turn the book 
at right angles. In Fig. 32, however, the lettering can perhaps be 
more conveniently grasped by the reader with the bars placed ver- 
tically instead of horizontally. 

Note the lines connecting different bars to show how the com- 
ponents compare in size therein. These lines assist greatly in giving 
a clear and rapid interpretation of the chart. 

Fig. 33 is an admirable example of what the graphic method can 
do to boil down complex facts for quick interpretation by the reader. 
In this case the schools of each of the forty-eight United States were 
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Fig. 33- Rank of States in Each of Ten Educational Features, 1910. White Indicates 
that the State Ranks in the Highest 12 of the 48, Light Shading that it Ranks 
in Second 12, Dark Shading that it Ranks in Third 12, and Black that it Ranks in 
Lowest 12 

The above illustrntion h a photograph of one page of a pamphlet issued by the Oivl.tion of Education of 
the Russell S«ge Foundaliiin, refjarding the public schoob of the United States. This type of chart i« 
capable of wide application in other fields 

Si 
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considered from each of ten different view points. The different 
States were then arranged in grades one, two, three, or four, according 
to the efficiency of their schools from each of the ten different points 
of view from which they were considered. The best grade under 
each heading is shqwn by means of a white rectangle, the second grade 
by light cross-hatching, the 
third grade by dark cross- 
hatching, and the fourth 
and worst by soHd black. 
States are shown in the 
complete chart in their com- 
parative rank. The State 
with the best schools is 
shown at the top of the 
chart and the State with 
the worst schools is shown 
at the bottom of the chart. 
On the chart as a whole, 
one can see at a glance just 
how the schools of any State 
rank with those in the 
other States, and wherein 
the greatest defects occur. 

The chart of Fig. 33 was 
in a thirty-page illustrated 
pamphlet sent broadcast 
over the United States by 
the Russell Sage Founda- 
tion to members of various 
legislatures, school boards, 
etc. This pamphlet has 
resulted in the appropriation of some millions of dollars for the 
improvement of public schools. The arrangement of the pamphlet 
itself is worthy of note in that each left-hand page is a chart, while 
each right-hand page, facing the chart, is devoted to a brief explana- 
tion of the conclusions which can be made from a study of the chart. 
This arrangement of alternate pages of chart matter and printed matter 
is tremendously effective and is well worth copying. 

It is frequently necessary to contrast one grouping of components 
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Fig. 34- Organiz&tioii of the United States 
Adjutant General's Office Compared with 
Organization Proposed hy President Taft's 
Commission on Economy and Efficiency 

This method of connecting blocks with liaes to show the db- 
puiition rX departmenta caa be uaed in many types of 
chart presentatioii 
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with another grouping of components. In Fig. 34 we have a chart 
which may give a valuable suggestion to anyone who is considering 
the rearrangement of departments in any large organization. The 
present arrangement and the proposed arrangement are each clearly 
indicated, with connecting lines to show instantly, the disposition of 
each of the old departments. 
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Fig. 35. Routing of a Letter Through the Adjutant 
General's Office Requesting tiie Discharge from the 
Army of an Enlisted Man in Recruiting Service, 
Contrasted with the Routing Proposed by President 
Taft's Commission on Economy and Efficiency 



In Fig. 35 is given a convenient method to show the routing of 
papers through a large office, together with the operations through 
which these papers must pass. Across the top of tlie chart is a scale 
of departments. The circles drawn immediately below the space for 
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any department on the upper scale show that the papers receive some 
action in that particular department. At the right is a scale showing 
the nature of the w^ork done in each of the departments. The chart 
is drawn on the basis of the intersection of vertical lines downward 
from the names of departments and horizontal lines through the 
names of the operations given at the right. Arrows joining the various 
circles then give the routing of the papers through the whole of the 
journey. The comparison of the existing routine with the proposed 
routine can be seen by considering the solid lines and the dotted lines 
and by comparing the two distinct columns or lists at the right. Thirty- 
nine operations may be counted in the present arrangement against 
five operations in the proposed arrangement. Though the drafting 
and the detail arrangement of this chart could be improved, the gen- 
eral scheme is nevertheless worthy of attention. 
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THOUGH in making comparisons, the horizontal bar divided into 
blocks is superior to the circle divided into sectors, the circle 
and sector arrangement is not inaccurate when only the com- 
ponent parts of any unit are to be shown. In the case of Fig. 36, how- 
ever, the comparison is between two circles, the divisions into com- 
ponent sectors being only an incidental 
feature. In this diagram, copied direct from 
the Statistical Atlas of the 1900 Census, it 
is practically impossible to tell how much 
larger the foreign-born population was in 
1900 than it was in 1850, 
for it is necessary to com- 
pare the two circles on an 
area basis. To the average 
person this is an almost 
impossible task, because it 
is not feasible to fit one 
circle inside of the other 
visually as two horizontal 
bars may be fitted. If the 
circle for 1900 were esti- 
mated as twice the diameter 
of the circle for 1850, it 
would mean that the for- 
eign-bora population in 
1900 was four times as greTat 
as that in 1850. If, how- 
ever, the ratio were some- 
thing less simple than this, 

interpretation of the chart would be difficult even by the processes 
of mental arithmetic. If the ratio between the diameters were, 
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Fig. 36. Foreign-bom Population of the United 
States in 1850 Compared with that in 1900, 
also the Proportion of the Different Nation- 
alities in the Two Years Compared 

Tie roetiod of presenUtion by means cif a circle with sectora 
is not inaccurate when only component parts are to be 
shown. Here, however, we have two liifTereot circle* com- 
pared on ihe basis of total »re&. The reader cannot com- 
pare the areas visually so as to get the correct ratio meas- 
ure of the increase in total number of fon-i^-bnm popula- 
tion. HorizonUit bar? are much preferable to nrcles whoi 
to be made 
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for example, one and a half, the average reader would be completely 
nonplussed, as he would not trouble to go through the mental arith- 
metic of multiplying one and a half by one and a half. In general, the 
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comparison of two circles 
of different size should 
be strictly avoided. 

Many excellent works 

on statistics approve the 

comparison of circles of 

' 1 647 2 244 3 302 different size, and state 

Figures in Millions of Dollars that the circles should 

Fig. 37. Total Yearly Value for the United States always be drawn to rep- 

of Combined Imports and Exports by Land and resent the facts on an 

. . . ^.,, " ,. . ^ , . . ■ , area basis rather than on 

In thu illuatTstiun the (tet* h&ve been represented by eircles , 

drawn on a di&nieter basis. The right-hand circle appeani a diameter baSlS. The 
more prominent than the data would justify. Circlea com- I li r . ' f I 

pared on a diaoieter basis mislead the reader by causing him TUle, nOWeVCr, IS nOt al- 

to over^limale the ratios. Compare Fig. 38 ^^yg foUowcd and the 

reader has no way of telling whether the circles compared have been 
drawn on a diameter basis or on an area basis, unless the actual 
figures for the data are given so that the dimensions may be verified. 

In Fig. 37 the figures 1910 

are given, and the circles 
have been drawn on a 
diameter basis. It wilt be 
noted that the figures for 
1910 are roughly twice 
thoseforl890. Thecircle, 
however, has roughly four 
limes the area of thecircle 
for 1890 and, according- 
ly, seems to have much 
more than twice the im- 
portance. In Fig. 38, the 
same data have been 
shown on an area basis as most of the authorities on statistical 
work recommend. If the figures were not given, the reader would be 
forced to fit the left-hand circle into the right-hand circle on an area 
basis, or else make a ratio between the diameters and then square the 
ratio. Either process is almost impossible to accomplish and there is 



1890 



1900 



UB47 2,244 3,302 

Figures in Millions of Dollars 
fig. 38. Total Yearly Value for the United States 
of Combined Imports and Exports by Land 
and by Sea 

Bere the data of Fig. 37 have been shown by means of circles 
drawn OQ an area basis, as recommended by many authorities 
on statistical work. The right-hand circle, however, shows up 
less prominently than the figures would justify. ' Circles com- 
pared on an area basis mislead the reader by causing him to 
underestimate the ratios. Circles of different size should never 
be compared. Horizontal bars have all the advantages o{ 
circles with none of the disadvantages 



GRAPHIC METHODS 




MINISTRY LAW MEDICIWE EDUCATIOH BUSinESS PUBUC SERVICE 




MEDICINE EDUCATION BUSINESS PUBLIC SERVICE 



Fig. 39. Proportion of College Graduates in Different Professions in 1696-1700 and 
in 1896-1900 

CbarU of thia kind with mrn rppn-smted in diRenrnt sites are usually so drawn that the d&ta are represented 
by the height of the man. Such charts are misieadinK beeKUHc the area of the pictured man increases more 
rapidly than his height. CoDsidpring the years l69G'170tt, the pictured minister has about two and one- 
half times the height cif the man n^rcsentinK public service. The minister looks over-important because 
he has an area of more than six times that of the man drawn to represent public service. This kind of 
graphic nork has little rt'al value 

no necessity of inflicting such cruelty on a reader. Though the circles 
in Fig. 37, drawn on a diameter basis, exaggerate the ratios, the circles 
in Fig. 38, plotted on an area basis, make the reader underestimate 
the ratio. Comparison between circles of different size should be 
absolutely avoided. It is inexcusable when we have available simple 
methods of charting so good and so convenient from every point of 
view as the horizontal bar. 

In Fig. 37 and in Fig. 38, it would have been better if the year 
had been given under each circle, with the figures for (juantity placed- 
above the circles, so as to follow the standard arrangement of having 
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dates placed always at the base of 
the chart. 

Another difficulty in the com- 
parison of areas is shown in Fig. 
39. No figures have been given 
and the helpless reader must com- 
pare by means of the pictures 
alone. By measurement, it will be 
seen that the minister in 1700 has 
over three times the height of the 
minister in 1900. Since the man 
in each case is shown in his natural 
proportions, the picture of the 
minister in 1700 has over nine 
times the area of the picture for 
1900. Whether the ratio should 
be roughly three or roughly nine, 
we cannot tell. 

Another example of the same 
kind of difficulty appears in Fig. 40, 
but here the figures are given and 
we can check up the author to see 
whether he has drawn the 1911 man on the basis of height or on the 
basis of area. The 1911 man, on account of his far greater area, looks 
to be rather more than two and a quarter times as important as the 
man of 1899. Though this type of graphic work is quite common, it 
should be avoided, for its visual inaccuracy is serious enough to cause 
distrust of the whole graphic method. In considering Fig. 40, the point 



Fig. 40. Passengers Carried on the Rail- 
roads of the United States in iSqi) 
and in 191 1 Compared 

Thiii illustrotion hiu all the bad features mentioned 
for Fig. 39. Here the numerieal data are given 
and we ean prove tor ourselves that the two 
pietured men arc compared on the basb of 
hdgfat. Because of the disproportionate area, 
the right-hand picture gives the reader a false 
and exaggerated impression of gronth. See 
Fig- *1 
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Fig. 41. Number of Passengers Carried on tiie Railroads of the United States in 1899 
and in 191 1 Compared 

Here is a chart drawn from the same data as Fig. 40. It was not a larger passenger, but more passengers, 
that the railroads c&rried. The ratio expressing increase in business can be clearly and M«urat«ly seen 
from this method of portraying the tacts 
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Fig. 42. Comparison of the Total Amount of Freight Service on the Railroads of 

the United States in 1899 and in 191 1 

It would have improved this illustration if the two locomotives had been shown one exactly above the other 
facing to the left. The additional cars representing the increase in 1911 would then be seen as though 
added to the rear of the train 



to be brought out is not that the railroads carried a larger passenger 
in 1911, but that they carried more passengers. 

If it is necessarj'^ to have a popular method, we can at least be 
accurate by portraying the data in the form of Fig. 41, not as in Fig. 
40. Copy for an illustration of this sort is verj'^ simply made by taking 
proofs from a cut of one man and then pasting these proofs on a long 
strip of paper until a row of the correct length is obtained. The whole 
arrangement can then be photographed down to produce the effect 
shown in Fig. 41. To avoid fractional men at the end of a row, it is 
usually easy to express the ratio with a sufficient number of men in 
each row or bar to get numerical correctness. Note that in Fig. 41 
the whole arrangement is similar to that of Fig. 24 or Fig. 27 in Chapter 
II, the actual data being given at the left of the row or bar. It w^ould 
have been better if the men in Fig. 41 had been faced to the left in- 
stead of to the right. The additional men in the row for 1911 would 
then appear to have joined the rear of the line rather than to have come 
in at the front of the line. 
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World's Work 

Fig. 43. Comparison in Size of Trainload on the Chicago, Burlington & Quincy Rail- 
road in 1901 and' in 1912 

Here one locomotive is above the other but both face in the wrong direction. Figures for the data are not 
given and the reader cannbt tell whether the two lengths compared should include the locomotives or 
only the cars. Clearness could have been assure<l if the cars had been shown for comparison in solid 
black, with the locomotives included for pictorial effect, but only in outline 
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In Fig. 42 the idea is brought out that the railroads are now han- 
dling more freight. The drawing, however, should be reversed so as to 
have the two locomotives one above the other facing to the left, with 
the additional cars at the right-hand end. It would also be better 
if the dates for the two years and the figures representing tons had 
been placed at the extreme left in the manner shown in Fig. 41. 

In Fig. 43, the two locomotives are placed neck and neck, but 
the whole chart reads backwards in that it reads to the left instead 
of to the right. Turn the page over and hold it up to the light. Through 
the back of the paper, the arrangement of the cars appears from left 
to right as it should. 
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Fig. 44. Yearly Cotton Production and Export of the United States. The Figures 
with the Arrows Show the Number of Millions of Bales and also the Value in 
Millions of Dollars 

If horizontal bars are used to represent years, the earliest year should be shown at the top as seen here 

No data are given in Fig. 43, and it is impossible to tell whether 
the comparison between 1901 and 1912 should be based on the ratios 
of the whole length, including engines, or whether it should be based 
on the lengths for cars only. A ratio without the engines would be 
much larger than with engines. This chart is accordingly unreliable. 
The difficulty in regard to engines being included in the drawing 
could be entirely overcome if the freight cars w^ere made in solid black, 
with the engines shown in outline only, so that the eye could judge 
the ratio between the solid black bars representing freight cars without 
including the outline drawings of the engines. 

Often in charting information like that given in Fig. 44, vertical 
bars instead of horizontal bars are used. However, the figures given 
in Fig. 44 in conjunction with the bars make it desirable that the bars 
should here be horizontal in order that the figures may be read easily. 
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AVERAGE VALUE OF AMERICAN AUTO EXPORTS 
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THE RISE OF THE LOW-PRICED CAR 

SHOWING HOW THE AVERAGE VALUE OF EXPORTED 
AMERICAN AUTOMOBILES HAS DROPPED IN FIVB 
YEARS 

World's Work 

Fig. 45. The Illustration and the Titles 
are Shown Above Exactly as Origi- 
nally Printed 

The reader is misled if he does not notice that the 
earliest year has been shown at the Inittom 
instead of at the top. The wording of the two 
titles, when taken in conjunction with the chart, 
really adds to the general confusion 



The arrangement of dimension 
marks with an arrow-head at each 
end is a convenient scheme worthy 
of wide use. Note that the per- 
centage figures in the illustration 
clearly refer to the value of the 
cotton rather than to the number 
of bales. The figures representing 
time, in this case years, read down- 
ward as they should do in every 
case in which horizontal bars are 
used to represent facts at different 
periods of time. If the horizontal 
bars are arranged with the earliest 
date at the top, any reader who 
wishes to do so mav read the chart 
as a curve from the left-hand edge 
of the page and the dates will then appear in correct order from left 
to right. 

In Fig. 45 the latest date has been placed at the top of the chart. 
This causes an impression absolutely the reverse of what it was in- 
tended to bring out 
by the drawling. Any 
one glancing at this 
chart is likely to 
suppose that the 
earher year is indi- 
cated at the top and 
probably would not 
notice that the 
draftsman in this 
case, for some unjus- 
tifiable reason, has 
reversed the correct 
arrangement. 

In Fig. 46 also, 

the latest year has been placed at the top of the column instead of at 
the bottom of the column. Though some precedent could probably 
be found for such an arrangement, the arrangement nevertheless seems 
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Courtesy of "Data." CMeaoo 

Fig. 46. Average Railroad Revenues from Passengers and 
from Freight in the United States 

Here again the earliest year has been shown at the bottom instead of at 
the top. In tabulations of this sort there is less danger of erroneous 
reading if the earliest year is shown at the top. Years arc usually 
grouped in 6ve8, including in one group years ending from one to 
five inclusive, and in the next group years ending from six to ten 
inclusive 
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VALUE, 


, AMERICAN EXPORTS 


1906 1 
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1911 


$21,636,661 
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$28,300,139 1 


VALUE, IMPORTS FROM ABROAD 


1906 1 1 


$4,910,208 


1911 


$2,446,248 


I912Q 


$2,000,000 



an unfortunate one which should 
not be copied. Note that in Fig. 46 
the figures have been arranged in 
groups of four with a blank space 
to assist the eye in reading across 
the page. In general, it is cus- 
tomary to have such figures not 
in groups of four but in groups of 
five, the groups including years 
ending in 1 to 5 inclusive and 6 to 
10 inclusive. 

A rapid reader seeing Fig. 47 is 
likely to get a much exaggerated 
idea of the increase in the Amer- 
ican exports of automobiles. The 
arrangement of the three hori- 
zontal bars for the three years is 
such that the reader is justified in 
assuming that the years are con- 
secutive. He is not likely to 
notice that the upper bar repre- 
sents the year 1906 and that four 
years are omitted between 1906 and the consecutive years 1911 and 
1912. Since there is nothing to indicate that years have been left 

out after 1906, the reader seeing 
the figure 1912 is apt to assume 
that the two earlier years are 1911 
and 1910. 

Fig. 48 is a redrawing of Fig. 
47 with a change in scale to indi- 
cate to the reader that the earlier 
year shown for comparison must 
not be read as one of three con- 
secutive years. Though the space 
left between the bars for 1906 and 
1911 would not be sufiicient for 
the four omitted years, if the 
whole chart were drawn to scale, 
the space is nevertheless large 



A MARVEL OF tXPORT TRADE 

SHOWING THE AMAZING INCREASE IN OUR EXPORTS 
OF MOTOR CARS, AND THE STEADY DECREASE IN Dim 
IMPORTS, IN THE LAST SEVEN YEARS 

World's Work 

Fig. 47. This Illustration was Originally 
Printed with Fig. 45 on the Same 
Page of a Magazine, yet in Fig. 45 
the Earliest Year was Shown at the 
Bottom While Here the Earliest Year 
is Properly Shown at the Top 

There is, however, danger, in this illustration, that 
the reader may assume that the three bars rep- 
resent consecutive years without noticing the 
jump from 1906 to 1911. Compare Fig. 48 



Value, American Exports 

1906 ^4.409,136 Hi 

1911 Zl.636,66t 

1912 28.300J39 

Value, Imports from Abroad 

1906 * 4,910,208 




1911 

1912 



2,446^248 
2,000,000 



Fig. 48. The Contrast of American Ex- 
ports and Imports of Automobiles 

The data of Fig. 47 have here been redrawn. The 
values have been shown at the left of the bars, 
where they give the neatest and most convenient 
arrangement. Note that the bar for 1906 is 
somewhat separated from the bar for 1911, so 
as to indicate to the reader that the three bars 
do not represent consecutive years 
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enough to serve as a safeguard to the reader. A slight break could 
indicate in this manner a gap of any large number of years which it 
would not be feasible to denote by allowing space according to scale. 
In Fig. 48 the years and the figures for the chart are properly shown 
to the left much as they are shown in Fig. 24 and in Fig. 27. 
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Fig. 49. The Size and the Value of the Com Crop of the United States in i()ii Com- 
pared with that of 1912 

The object of the chart is to show that, thougli there were more busheU tjt corn in 1918, Uie producer re- 
ceived less totaJ money than in 1911. 

The left-hand illiutration is incorrectly made aa it ahowa the earlier year to the right. In the ceDtrkl 
lUustration this error ba.t been corrected and the years are named at the base inatead lA at the top. 
The artangement still fails, however, to bring out the message clearly. 

From the nght-band presentation it can be seen instantly that the number of bushels has iocreMed while 
the total money received has actually decreased. The right-hand preaentation is arranged in accord- 
ance with tbc woricing of the average persoo's mind and it gains in deameas accordingly 

The left-hand group in Fig. 49 was used as an illustration in a 
business magazine. The purpose of the chart was to show that in 
1912 the farmers of the country raised more bushels of corn than in 
1911 but received less total money in return. Note that the earlier 
year is placed at the right instead of at the left, and that the dates 
arc given at the top rather than at the bottom. The middle group 
of bars corrects the error, but the information is still not as clearly 
brought out as it should be. The best way to bring out this informa- 
tion is to show that the number of bushels has increased while the 
number of dollars has decreased, and this is not clear from the middle 
drawing. In the right-hand presentation it is clearly seen that the 
bushels went up though the total value came down. The right-hand 
drawing follows the working of the average person's mind and it gains 
in clearness accordingly. 

As a general rule dates should always be arranged to read from 
left to right, and columns of figures should be arranged with the col- 
umn for the earlier date at the left. A common exception is made, 
however, in the ease of financial reports when it is desired to show 
the most recent year next to the various type-headings relating to 
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earnings, expenses, etc., as in Fig. 50. In the case of financial reports 
it is always the latest year which is of chief interest, and for this reason 
the arrangement of Fig. 50 seems permissible in order that the figures 
and the account names may be side by side. The problem in Fig. 49 
is so entirely different from that in Fig. 50, that the method of Fig. 50 
cannot be held as a precedent to justify the reversed arrangement 
of dates shown at the left of Fig. 49. The fact that one needs an 
umbrella on a rainy day is not sufficient reason for carrying an um- 
brella at all times. 

• • • 

UNION BAG AND PAPER COMPANY— ^Reports for 
the year ended Jan. 31 : 

1913. 1912. 1911. 1910. 

Net earnings $554^1 $1,017,835 $1,088,112 $1,055,400 

Depr. and ext. fd. 122.585 122.205 120.987 149.925 

Balance 431.060 805.570 017.125 905.475 

Skg, fd. & bd. red. 134.925 114.095 110.745 10r.iK)5 

Balance 296.741 781.475 806.380 707.870 

Interest 253.748 202.480 197.135 204.611 

Balance for divs.. 42.993 578.995 009.245 503.259 

Preferred dividend 330.000 440.000 440.000 440.000 

Deficit 287.007 *1S8.995 •169.245 •153,259 

Prev. surp 1.921.788 2.020,471 1.851.226 1,097.968 

Bond disc. & exp. 70.945 237.677 

Profit and loss sar.1.563.836 1.921.788 2.020.471 1.851.226 

# • • 

New York Timet AnnalUt 

Fig. 50. Brief Financial Statement Regarding the 
Union Bag and Paper Company 

In condensed statements of this sort there seems to be good 
reason for placing next to the headings at the left the column 
of 6gures for the latest fiscal year, since this information 
is of most vital interest to the reader. Columns for other 
years are then printed to the right for comparative pur- 
poses. The earliest year is shown at the extreme right 

Though this reversed arrangement of years seems permissible 
for the purpose of printed reports as here used, there is 
no justification for the use of the reversed arrangement in 
chart work. As a general rule material given by years 
should be shown with the earliest year at the left 

Fig. 51 is an illustration photographed down from a large drawing 
used in a wall exhibit. It is a fair example showing what can be done 
to arouse interest by the judicious embellishment of charts, especially 
of those for wall exhibits intended to reach a miscellaneous audience 
having an average of rather limited education. Note the smoke- 
stacks in Fig. 51. The smoke-stack at the left is the same height as 
the bar for the year 1906-07, and the taller smoke-stack at the right 
the same height as the bar for 1912-13. As this drawing was made 
for a wall exhibit to show the co-operation of manufacturing companies 
with the college, the pictorial embellishment seems quite justifiable 
and useful to attract attention to this particular exhibit. A pictorial 
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effect also relieves monotony in a large exhibition which may have 
hundreds or even thousands of different charts and other wall exhibits. 
Fig. 52 was shown in conjunction with Fig. 51 with the idea of 
pointing out that the number of students in the University of Cin- 
cinnati had increased just as (according to Fig. 51) the number of 
firms co-operating in the engineering work of the University had 
„ increased in the same time. 

rJUJ^aa^ ZJ!!^ ' The bars in Fig. 51 and 

' DMMCoMiv dune- > rig. dz are placed vertically. 

tr nm ■ _ each bar representing a year. 

T!? "",'!" '"''''*" I ■' This vertical arrangement of 

-I I bars permits reading the chart 

M, >|l I as if a curve had l>een made 

III ^J . . I by drawing a line through the 
Ulll JlsoB ^^^'^ '^^ ^" ^^^ hars. Curves 
Hill I^^^V^^I ^^^ ^^^ common language of 
^_f""f" I^HH ^H engineers and statisticians. 
lilili* /In order that the bars may 

Am.,unn i/iriiT ,f Kniiu:, ^bc Tcad as curves, it is desir- 
Fig. 51. The Increasing Number of Business able to have the bars placed 

STgi'Sr'^vet^'Sr^Slf* in » -rti-1 position if they^ 
m™ih,b.™,^™»ij„r.„,.ih.,d™im of .!«<,, represent divisions of timp;- 

a vertical arrangement of Ihe barH is usually mure rather than Cntirclv distinct 
desirable than the horizontal arrangement seen in Fig. , . , , * 

M. With the vertital arrangement a line may be SUbjectS SUCh aS the Separate 

imagined pining the tops of the ban. so as to give a ^j^j^^ compared aS tO the 

nmuke-sWlcs irf the same height as the first and the factured Droducts, in the chart 
last vertical Urs , ^ , . ^. 

reproduced in rig. 21. 
Lettering like that shown in Fig. 51 or Fig. 52 is conveniently 
made by using the gummed black-paper letters and figures which can 
be obtained in many good stationery stores. A thin pencil line as a 
guide at the bottom of the letters, and some judgment used in spacing, 
will assist greatly in getting a neat result from the gummed letters. 
Large bars like those shown in Fig. 51 and Fig. 52 can be made by 
cutting out strips of black paper and pasting them onto white card- 
board. Such work, however, must be very carefully done or the bars 
will curl on the edges and give an unpleasant effect. It is generally 
better to use India ink in making the bars if a good result is to be 
assured. The liquid drawing ink sold at most stationery' stores is 
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available in many different colors. Some grades ot the drawing ink 
are water-proof after drying. On elaborate charts the water-proof 
quality should always be used to make certain that a few rain drops, 
or handling with moist hands, will not ruin the finished work. 

In the discussion of Fig. 51 and Fig. 52 it was mentioned that a 
line could be drawn through the tops of the vertical bars to give a 
curve. If the curve were actually drawn, the bars themselves would 
be omitted. In Fig. 53, instead of using bars, 
we have lines which may be considered as curves 
for each of the several items compared. In this 
case it would be impossible to use bars for each 
of the items shown because the bars would cover 
each other. The bars are entirely omitted and 
lines are simply drawn from the 100 per cent 
point in 1897 to the various points for different 
items in 1907. It is certain that the prices (that 
of pine lumber, for instance, shown by the upper 
curve) did not have the uniform rate of increase 
which the straight line from 1897 to 1907 would 
indicate. We are considering here, however, the 
changes over the period as a whole, and we can 
for simplicity draw a straight line and neglect 
all the fluctuations of intervening years. The 
general scheme of Fig. 53 is convenient, as the 
neglect of detail brings the main information out 
clearly. Fig. 53 has, unfortunately, been drawn 
in a misleading maimer in that the reader is 
likely to interpret the curves as if zero were 
shown at the bottom of the chart. The general 
rule in charts of this kind is that zero should be 
shown as the bottom line, or, if not shown at the 
bottom, that the omission of zero should be 
clearly indicated. As Fig. 53 is shown on a per- 
centage basis, the 100 per cent line should be 
clearly indicated by drawing a broad line on the 
chart for the line opposite the figure 100 in the 
scale. It would have been better, perhaps, to have plotted the data 
so that zero would replace the figure 100. On a scale so made, pine 
lumber would go up 83 per cent, while railroad rates would be shown 



Fig. 52. The Increawng 
Number of Students in 
the Co-operative 
Course of the En- 
gineering College of 
Sie University of Cin- 
cinnati 

Thia illustration wu originAlly 
used as a companion piece 
tu the chart of Fig. 5 1. For 
a, popular exhibit the use of 
vertical bars brings out in- 
fonnation quite clearly. 
Though curves (such as are 
shown in later chapters) are 
superior to vertical bars, it 
b unfortunately true that 
most people do not know 
how to read even the sim- 
plest curi'es correctly. 

Note the lettering at the upper 
portion ol the chart. Letter- 
ing of this kind piay be had 
by using separate gummed 
letters such as may be pur- 
chased ready for use 
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as decreasing 4 per cent. The scale would read upward from the 
zero line for increases, and downward from the zero line for decreases. 
By changing the scale and using a broad zero line, misinterpretation 
of the chart would be entirely prevented. 

Fig. 54 is somewhat similar to Fig. 53 in that intervening years 
are neglected, and that lines drawn from left to right of the chart 
indicate the total movement rather than short-time fluctuations. 
Fig. 54 would be better if the lines around the outside of the drawing 
had been omitted. In general, lines of this kind around the outside 
of a chart are likely to be confusing. In this case, the double lines 
at the bottom of the chart draw too much attention to the bottom 

and may cause a wTong interpre- 
tation of the chart. As charts of 
this type are usually made so as 
to have the bottom at zero, the 
reader of Fig. 54 may get an en- 
tirely erroneous idea of the actual 
increase in the rates of wages. This 
chart of Fig. 54 should have been 
drawn with J^ inch more room at 
the bottom so that the scale would 
begin at zero rather than at $1.00. 
A glance at the chart as it is shown 
here might convey to any but a 
careful reader that the wages of 
trackmen had more than doubled, 
w^ithin the period of ten years 
covered by the records thus graph- 
ically presented, though the ac- 
tual wage increase was only from 
about $1.12 to $1.50. Though Fig. 
54 contains a good suggestion for 
presenting data in popular form, 
it is in itself misleading because it 
does not have its base line at zero. 
Fig. 55 is a commendable piece of work for popular presentation, 
as for instance in a magazine. Note the use of dimension marks in 
two independent horizontal rows so that the upper row indicates the 
material from which the ships are made while the lower row shows the 




Reproduced hy PemduUm from Droeot** "FreUfM Terminals and 
Trains", copyrlaJU, I91i, by the McOraio-UiU Boot 
Company 

Fig. 53. Changes after Ten Years in Costs 
of Railroad Materials and in Freight 
Rates for a Large Railroad System 

A simple chart of this kind is often advantageous, 
as it neglects all temporary fluctuations and 
shows only the important changes over a period 
of time considered as a whole. The line for 100 
on the scale should have been made a broad line 
to indicate the basis of comparison. A wavy 
line should have been put at the bottom of the 
chart to show that the scale docs not begin at zero 
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method of propulsion. Dimension lines used in this way are an ex- 
tremely valuable adjunct to chart work and should be used much more 
commonly than they are at present. 

Tendencies for the future are 
frequently very accurately pre- 
dicted by drawing a smooth curve 
through known points and then 
continuing this curve for future 
years in the manner shown by the 
broad line in Fig. 55. The trend 
of this curve indicates that by 
1925, we are likely to have ships 
about 1,200 feet long. Though 
the method of prediction by ex- 
tending a curve into the future is 
very valuable, care must always be 
used to apply the method with 
judgment. If in Fig. 55 a curve 
had been drawn from the data up 
to the year 1860 and extended 
from that point to show the prob- 
able length of vessels in succeeding 
years, the curve would have indi- 
cated a likelihood of 1,200-foot 
ships by 1870. We can see in the 
light of history that such a predic- 
tion would have been most errone- 
ous. It would have assumed the 
continuance of side- wheel steamers 
and would have been based chiefly 
on the length of the Great East- 
em alone. The Great Eastern 
was too far in advance of the age and was in reality an engineering 
failure. Hence, we see the error which would result from basing a 
prediction curve on too limited an amount of data. 

Periodic photographs of any kind of construction work are one 
of the most striking forms of graphic presentation. Many large 
contractors and machine manufacturers now make a practice of 
having photographs taken of each job at least once each week. The 




THE RISING WAGE SCALE 

SNOWING THAT THE PAY OF RAILROAD EMPLOYEES 
HAS INCREASED FROM 30 TO JO PER CENT. IN TWELVE 
YIARS. MOTE THAT THE GENERAL OFFICE CLERKS 
IW>W RECEIVE LESS THAN THE TRAINMEN. 

World's Wort 

Fig. 54. Wage-Scale Increase 

This illustration is so drawn that wages appear to 
have increased much more rapidly than is 
proved by the actual data given in the chart it- 
self. The chart should have been extended to 
show the zero line of the vertical scale so as to 
assist the reader in getting a correct interpre- 
tation 
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photographs are carefully dated and filed for reference in case there 
should be any dispute later regarding the progress of the work and 
payment therefor. If a large card giving the date of the work is placed 
in front of the camera so that the date is photographed directly into 
the picture, the date is somewhat more easily proved than it would 
be otherwise. Putting the date card in front of the camera with the 
date upon the card gives a chance for any passer-by to check the hon- 
esty of the date on the picture, much as the "amount purchased*' 
card at the front of a cash register checks the honesty of the clerk. 

Progress photographs like those described above are particularly 
effective for use in advertising. A series of three or four pictures 
placed one below another, with the dates carefully stated on each, 
give the best possible demonstration of the rapidity with which con- 
struction work has been completed by the advertiser. A broad use 
for these progress photographs is found in the preparation of reports, 
catalogues, magazine advertising, etc. Thus a manufacturing plant, 
for instance, can be pictured in a series of photographs taken some 
years apart showing buildings which have been added to provide for 
increase in the business. In the case of machinery, a series of photo- 
graphs taken in different years are of value to show the increase in 
the size of the machines built or the successive improvements made 
in the design. 

Moving-picture machines have opened up a whole field of possi- 
bilities in the rapid conveying of accurate information. Many com- 
panies are now using moving-picture films to show the technical 
operations involved in making up their manufactured product, or to 
show views in different parts of a factory. Moving-picture cameras 
have been used also in a very striking way by Mr. Frank B. Gilbreth 
as an adjunct to methods of time and motion study. By placing in 
the camera field w^ith the worker a clock with a large dial and a sweep- 
ing second hand, an automatic and permanent record may be secured 
both of the worker's movements and the corresponding elapsed time. 
The statistics thus graphically recorded are immeasurably more 
accurate and more conclusive than any that could be secured in any 
other way. Possibilities for the use of moving-picture machines in 
educational work in schools are only beginning to be grasped by a 
few of the w^orld leaders in thought. When the moving-picture ma- 
chine becomes a feature of every school room the results will be as- 
tounding. 
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Fig. 55. The Growth m the Length of Ocean Liners 



This is 



in cxocllcnt piece of present&tina for rvuehing an BVEnige non-teohnical elans of readers. A smooth 

c line has Ixxn drawn through the ends of the pietured Hhips su as to appruxiniatc most closely the 

general law whieh aivavi to Kuvcm prugreiu in ahip builrling. The smooth cjrve has been extended into 

the fjt jre as A prrdieliun of the length of the ships which will probably be built during the next ten yean. 

Note the excellent use of dimension-line arrows at the base of the chart showing the materials used in ship 

building and the aiethods of driving ships at different periods in histor>' 

Bars to represent different intervals of time as in Fig. 51 and 
Fig. 52 may be compared to the progress photographs mentioned 
above. Though the bars and progress photographs are valuable, 
they may be said to give information only in spots. A moving-picture 
machine shows pictures so rapidly that the pictures blend into a con- 
tinuous narrative in the eye and the brain of the observer. What the 
moving picture is to separate progress photographs, the curve is to 
detached bars representing time. In just so much as the moving 
picture is superior to separate pictures shown by lantern slides, in 
just that much is a curve superior to a series of horizontal or vertical 
bars for the same data. Unless a person knows thoroughly how to 
read and how to plot curves he cannot hope to understand the graphic 
presentation of facts. The use of curves will be covered in later chap- 
ters. 



Chapter IV 
TIME CHARTS 



THE horizontal-bar method used in Chapter I to show the com- 
ponent parts of any unit may be modified so as to represent 
various conditions at different hours, days, and other sub- 
divisions of time. Fig. 57 illustrates a convenient scheme to assist 
the arrangement of vacations for concerns having many employees, in 
which it is necessary to plan the vacations so that there shall always 
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Fig. 57. Chart for Assigning Vacation Periods in a Large Office 

Vacatioiu have here been planned so that not more than two men are away at any one time 
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Fig- 58' Clurt Dlustratiiig Bonus Work in a Factory where Bonus Work was Intro- 
duced Too Rapidly at lilrst 

The rurve at the bottom shows Uie total number of workers earning a bonus each day. On November ii 
all the workers earned a bonus 

be a good man available to take charge of responsible work. A chart 
of this kind can be made quickly if co-ordinate paper is used, the hori- 
zontal lines being drawn in with lead pencil. Vacations are shifted 
around until an arrangement is found that is satisfactory to the man- 
ager and ako to the various employees. After a final schedule has 
been decided upon, the time given each employee can be made suffi- 
ciently conspicuous by going over the lead-pencil marks with crayon 
or ink. A chart of this nature posted on the bulletin board of an 
office would serve as a convenient means of giving information to 
the employees as to their respective vacation periods. 

Fig. 56 (page 52) illustrates a method regularly used by Mr. H. L. 
Gantt to indicate conditions in a manufacturing plant. This particular 
chart was drawn to show progress made in training the employees 
of a worsted Eoill under scientific management. Trained employees 
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may earn a bonus by completing a certain quantity of work each 
day. It will be seen at a glance that the chart becomes blacker at the 
right hand, thus showing that two-months training had greatly in- 
creased the output of the employees. If a chart like this is made 
with different colored pencils, the facts can be grasped more quickly 
than when only one color is used. 

Fig. 58, at the right-hand end, shows that the workers were earning 
a bonus practically every day, and it also shows clearly that some- 
thing was wrong during the middle part of October. The workers 
failed to earn a bonus at that time for the reason that the bonus work 
was introduced so rapidly that they did not get adequate instruction. 
The manager of a plant would realize such a situation at once if he 
had this kind of a chart before him. 

x\t the bottom of Fig. 58 a curve is plotted to give the number 
of operators who earned a bonus every day. The horizontal scale for 
this curve is exactly the same as for the bar chart above, except that 
in the curve a day is represented by a line rather than by a space. 
In plotting curves, it is customary to represent time by lines rather 
than by spaces, and this curve is plotted in accordance with good 
practice. The scale at the left-hand edge of the lower part of the 
chart represents the number of workers who made the bonus. In 
order to plot the curve, one simply counts in the upper section of the 
chart the number of black blocks which are filled in for the particular 
day. Thus, for October 10, we see that there are seven black blocks. 
The point on the curve is then placed in the lower portion of the chart 
at the intersection of the horizontal line representing the number 
of workers earning a bonus and of the vertical line representing the 
day, October 10. The curve gives a convenient method of deter- 
mining the total number of operators who are earning a bonus. When 
it is desired to know only the number of employees earning bonus 
each day, the curve shows the matter more clearly than do the black 
blocks in the upper portion of the chart. The horizontal bars give 
the story for each worker, the curve gives the total for all the workers. 

A chart like that shown in Fig. 59 would ordinarily be made on 
a long sheet of co-ordinate paper so that the co-ordinate ruling could 
be used for the vertical lines, indicating time. Co-ordinate paper in 
several different rulings can be purchased in rolls so that the desired 
ruling can often be had in continuous lengths. Sometimes, however, 
the desired ruling can be obtained only in flat sheets of limited size 
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and it is then necessary to make a long sheet by pasting together 
several of the separate sheets. The original study from which Fig. 59 
was prepared was made upon a built-up sheet seventeen inches wide 
and eight feet long, so that a full month of lighter operation could be 
shown on the one chart. 

In a large working chart, such as is shown in Fig. 59, very little 
ruling is required except for the lines limiting the width of the hori- 
zontal bar representing each lighter. In the original chart, drawing 
inks of different colors were used to indicate the four different condi- 
tions-working north and working south, and idle north and idle 
south. Black was used to indicate towing. Solid red showed idle 
time in the north, and a red made up of red-ink strokes with white 
spaces showed idle time in the south. Thus all idle time may be 
indicated by red, the method of application determining whether the 
delay is at the north or at the south end of the trip. Working time 
may similarly be indicated by solid green and by green strokes with 
white spaces. 

It is desirable in all chart work to have certain conventions by 
which colors would be understood to have certain definite meanings. 
Thus, following railroad practice, red could generally be used in chart 
work to indicate dangerous or unfavorable conditions, and green to 
indicate commended features or favorable conditions. Where neither 
commendation nor adverse criticism is intended, colors such as blue, 
yellow, brown, etc., could be used. 

In Fig. 59, an ordinary atomizer filled with writing ink was used 
to fill in gray areas representing night hours. If a little care is used 
in regulating the spray, a good uniform and light shade of gray is 
obtained, on top of which colored crayons will show out^learly, as, 
for instance, in Fig. 59 where Lighter No. 7 is represented as working 
on the night of September 23. To prevent the ink spreading over 
the chart, a strip of cardboard should be laid carefully on each edge 
of the surface which it is desired to ink in by means of the spray. 

In making up charts like that shown in Fig. 59, the data are usu- 
ally recorded on the chart day by day as reports come in. This in- 
volves a large amount of handling of the chart, and the chart is likely 
to be much smeared by the time the last reports are entered. If col- 
ored crayons with the color embodied in parafiin are used, very brilliant 
colors can be obtained, yet rubbing with the hands will not smear 
the colored areas. Unless a non-smearing crayon is used, it is better 
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Fig. 60. Operations of Three Tug-boats in New York for Twenty-four Hours. The 
Boat Represented by the Lower Bar is in Service for a Twelve-Hour Shift Only 

A working chart nf this kind vnuld usually be made od b loDg atrip of co-ordinate paper. The illustratiun 
was drawn entirely liy hand to ahow the pogaibilitiea of hand cross-hatching for bringing out informatioD 
ordinarily shotrn in several colors 

to make up colored charts by using different colors of drawing ink. 
The ordinary crayons smear so badly that a chart made with them 
is sometimes unrecognizable before it is finished. 

Fig. 60 is a further elaboration of the method used in Fig. 59. 
The actual chart from which this illustration was made was drawn 
on co-ordinate paper ruled in tenths of an inch. Each of these tenth- 
of-an-inch spaces was made to represent ten-minutes time, so that a 
much larger scale was obtained than in Fig. 60. As the tug-boat 
captains regularly kept log-books in which their work was recorded 
to a five-minute interval the chart was made to the same interval 
by splitting the ten-minute squares to represent five-minute intervals. 
With a scale of this size it was feasible to use colored crayons, even 
though some of the divisions of time were verj' short. 

Fig. 60 was drawn by hand and shows the possibilities in preparing 
an illustration of this kind when only one color of printing ink is 
available. 

The chart from which Fig, 60 is taken was made to determine how 
much idle time there was in the operation of three tug-boats, and to 
ascertain whether the boats could be so run as to reduce the amount 
of idle time and give better service. The black in Fig. 60 shows the 
idle time vividly. By looking from bar to bar, it is possible to study 
all the work of the three tug-boats and to determine whether, if the 
work were differently assigned, there would be less waiting between 
jobs. Frequently the tug-boats had to tow two or more lighters or 
two or more car-floats, simultaneously, as will be seen from the extra 
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bars placed below the main bar for each tug. The number of lighters 
and car-floats towed simultaneously is clearly shown in the chart, as 
well as the time at which each was picked up, and the time at which 
each was delivered by the tug. In the case of car-floats, a frequent 
break will be noticed at the end of the towing, one-half the width of 
the horizontal bar being marked with black. This convention was 
adopted to show that the idle time was occasioned by the necessity 
of waiting to obtain an unoccupied float bridge into which the car- 
float could be shifted. Though the tug-boat was standing idle it was 
not feasible for the dispatcher to take the tug away from the par- 
ticular car-float to which it was attached, for the tug would be neces- 
sary to place the car-float in the float bridge as soon as the float bridge 
became free. 

Charting of information frequently brings out points which would 
be entirely overlooked if charts were not made. The tug-boat chart 
from which Fig. 60 was taken at once calls attention to the time re- 
quired for the tugs to obtain water. As the service of tugs was valued 
at about $9.00 per hour, the time spent in taking water was a serious 
loss. As soon as the chart showed the extent of this loss, it was com- 
paratively simple to remedy the situation by providing different 
methods of getting boiler-feed water. 

A time chart hke Fig. 60 can often be used advantageously in 
conjunction with other time charts covering the same period of time. 
Thus, in studying tug-boats, the information on a chart for lighter 
operation such as is shown in Fig. 59, and on charts for the operation 
of car-floats or of float bridges, may be valuable. All the various 
kinds of equipment with which the tug-boats may be employed could 
be considered in the study, if it is to be determined whether or not 
the most effective use is being made of the tug-boats. If all the charts 
used in the study are drawn to the same horizontal scale, the charts 
can be placed immediately above each other so that the operations 
of all related equipment for every hour of the day and night can be 
instantly seen during the whole of a test period, of, say, a week or a 
month. 

The charts thus far considered in this chapter have shown time 
in the horizontal direction only. In Fig. 61 we have time shown by 
days in the horizontal direction and by hours in the vertical direction. 
This type of chart is extremely valuable in determining whether or 
not schedules are maintained uniformly over any period of time. 
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By using diflFerent colors of ink a chart of this kind can be made so 
as to show all related operations without the drawing becoming too 
complex to read. Fig. 61 has purposely been made simpler than the 
ordinary chart of this kind to overcome the handicap of being limited 
to only one color of ink in the reproduction. 

Charts in the form of Fig. 61 are valuable in that they show on 
one sheet all the operations occurring during a given period of time — 
in this case, twenty-four hours. Some conditions, such as the blizzard 
of January 7, affect all the deliveries to the different railroads. Study 
of the chart brings out in contrast conditions which are beyond the 
control of man and conditions which are the result of carelessness 
or poor management, which usually crop up first in connection with 
one railroad, then in connection with another, without being so gen- 
eral as to affect all of the curves, as did the blizzard of January 7. 

Fig. 62 shows the possibility of simplification when so many dif- 
ferent horizontal curves must be shown that easy reading is impossible. 
The simphfication is made in Fig. 62 by showing only one railroad 
on each sheet. All the figures for one railroad are shown in curves, 
placed one above the other. Ordinarily curves like those in Fig. 62 
will be nearly parallel, for the time interval required to complete 
each of the steps of work remains about the same day after day. What 
Fig. 62 brings out most of all is not so much the time interval between 
the different steps as the information as to whether each of the dif- 
ferent steps was started promptly on schedule. Any one operation 
started late must delay all the following operations. 

The paper on which Fig. 62 Was drawn is in itself worthy of at- 
tention. This letter-sheet size of paper was carefully laid out so that 
a typewriter could be used for the lettering on the margins of the four 
sides of the sheet. The paper was purposely ruled in squares so that 
any of the common divisions of time might be shown. The possibilities 
in this direction are: 

The days of the month may be used on the short edge of the paper 
as in Fig. 62. 

Fifty-two weeks for one year can be shown by using the long edge 
of the paper. 

Three years by months can be plotted by using the thirty-six 
squares on the short side of the paper. 

One year by months can be shown by using every third line along 
the short edge of the paper. 
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Fig. 6i . Operation of Freight Car-Floats at a Railroad and Steamship Freight Tenninal 

Here we have lime represeDted by daya in the horiloatAl direction and by hours in the vertical direction. 

The ubjeet o( the chart is to record whether car-Boat:i are loaded and dispatched at the same hour each 

day. 
Dotted lines show the time at which cars are pushed onto car-floats by locomotives. Solid lines show 

the time at which car-floats arc towed away by tug-1ioat<i. Curves for any one car-float destination are 

in pairs Itearing the same letter. 
If the departure schedule is well maintained, all curve lines will be practically horizontal. Note that the 

blizzard of January 7 affected the locomotives less than the tug -boota 
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Fig. 62. Operation of Freight Car-Floats at a Railroad and Steamship Terminal 

In Fir. 61 wvpral different railrnail ronnrrtions were shown <in one Urge sheet. Here, in Fig, «*, but one 

railruBil is represented on one sheet, with the idea of tuinff as many sheets as therf are r&ilraad coonec- 

Thi» illiutrBtion is photographed ilown from a sheet of 8}4-'n<'h '•.*' 11-inch co-ordinate paper apecbUy 
designed for use witli a typewriter. The sine cut for this illustration was made directly from the type- 
written original 
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Percentages up to 100 per cent can be indicated by using fifty 
of the fifty-two squares on the long dimension of the paper. This 
ruling gives a co-ordinate paper which is extremely convenient for 
general work. Other charts drawn on this same ruling of paper may 
be seen in Figs. 134, 130, 103, 156. 

Fig. 63 was adapted from a chart shown in the United States 
Statistical Atlas for the Census of 1900. The Atlas illustration was 
printed in color, while Fig. 63 is in black ink. The scheme of this 
chart is one w^hich could be used widely, for it is an extremely con- 
venient method of showing a frequently changing rank for a large 
number of units. The blocks for the various States are numbered 
according to the rank of each State at the first year shown at the left. 
The rise or fall in rank of each State at each census can be seen at once 
by following the lines joining the numbered blocks. The actual nu- 
merical rank at each census is seen by reading horizontally to the rank 
number at the right-hand margin or to the numbers in the left-hand 
column of blocks. 

Sales managers publishing a house organ may find the method 
of Fig. 63 of great advantage in showing the status of each branch 
selling-house or the rank of each salesman. If every member of the 
selling organization is given a confidential number, the rank of each 
can be shown in the hpuse organ sent out each month. Branch houses 
can be encouraged to compete with each other if their relative rank 
month after month is indicated on the chart. In the case of salesmen, 
if the numbers are kept confidential no one salesman can tell from the 
chart anything about any other salesman. He could, however, see 
very clearly that his own position in the sales force was getting better 
or worse, according to whether his relative-rank line pointefd upward 
or downward. This comparison of selling units on a rank basis is in 
many respects fairer than any curve based on the value of sales. Good 
business conditions or bad business conditions affecting all alike do 
not show up in charts like Fig. 63. What is shown is the real progress 
or lack of progress made by every man or branch selUng house as 
compared w^ith all the others. 

Printer's copy for a chart like Fig. 63 can very easily be made 
up if printed strips of the blocks shown in the chart are used. These, 
if desired, could be made from Fig. 63 itself. Simply photograph 
the chart, then take one vertical row of the blocks, as for the year 
1900, and have a line engraving made of them, eliminating the figures 
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for numbers which appear in the middle of each block. Print from 
the zinc plate a number of strips of blocks. With shears and a paste- 
pot, another vertical row of blocks may be added at the right-hand 
edge of the chart copy each month to provide "copy'' for the plate 
to print the succeeding month's illustration. The identification could 
be lettered by hand inside of the vertical row of blocks for the latest 
month. It then takes only a short time to draw lines joining blocks 
having corresponding numbers. The built-up "copy" is then ready 
for the engraver to make a zinc plate. Zinc plates cost so little that 
there is almost neghgible expense required for the new line cut needed 
each month. 

In Fig. 64 the general scheme of Fig. 63 is expanded so that the 
chart shows not only the rank, but also the comparative size of the 
units under consideration. This illustration shows also some inter- 
esting combinations of shading by means of which blocks of distinctly 
different appearance are obtained. Fig. 64 was photographed directly 
from a United States Government report. Otherwise, the years 
would not be shown here reading from right to left instead of from 
left to right. Though the right-to-left arrangement is unfortunate, 
the general scheme of Fig. 64 is excellent, as it gives a large amount 
of information in a small space. The convenience due to this method 
of double comparisons, either horizontal or vertical, gives it a decided 
advantage in clearness. 

Train charts like that shown in Fig. 65 are very commonly used 
by railroads, rapid-transit subways, etc. Fig. 65 would not look so 
complex if colored ink were available to show in contrast the express 
passenger trains, the work trains, etc. It is suggested that the reader 
observe the key at the top of Fig. 65 and then follow a few of the 
various trains from one end of the line to the other, taking into con- 
sideration the fact that this is a single-track railroad and that trains 
must pass at the turnouts which are available. To schedule a pas- 
senger train such as that leaving Tyrone at 12:25 p. m. is no simple 
proposition on such a crowded railroad as this. 

In rapid-transit work in large cities a time-distance chart in the 
general scheme of Fig. 65 is almost essential if methods of giving 
high-speed service to the people are to be studied. These time-distance 
charts can be made on so large a scale that two horizontal lines may 
be used to indicate the stations, with the lines spaced a distance apart 
to show to scale the actual length of each station platform. Time- 
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Adapted from the UnUed States StattsHeal Atlas 

Fig. 63. Rank of States and Territories in Population at Different Census Years 

from i860 to 1900 

E^ch State is reprcsente<l by a block bearing an identifying number. The change in rank from census to 
census b indicated by the connecting lines. Actual rank at any census can be seen by referring horizon- 
tally to the figures at the right or to the figures at the left. 

A chart of thb kind can be used for showing relative rank of salesmen or comparative sales of different 
branch sales-houses 
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distance curves like those shown in Fig. 65 are then plotted, one for 
the rear end and another for the front end of each train. As the train 
remains constant in length throughout one whole journey it is obvious 
that the two curve lines must be a constant vertical distance apart 
throughout the length of the chart. At stations, subway trains must 
stop in such a way that the whole length of the train will be opposite 
the platform so that passengers may get in and out of every car. The 
trains follow each other very rapidly, and it is essential that suiBBcient 
room be left between 'two trains for safety. If two curv'^es on a time- 
distance chart should touch each other, it would indicate a collision. 
The distance between different train curves on a chart gives informa- 
tion regarding the kind of signal and brake systems that must be used 
to give the desired degree of safety in operating the road. 



Chapter V 

CURVE PLOTTING 

INFORMATION may be charted in many different ways. Under 
present conditions, if six men were given a set of figures and asked 

to chart these figures, the six resulting charts would be widely 
divergent in method. Though variety ia method of charting is some- 
times desirable in large reports where numerous illustrations must 
follow each other closely, or in wall exhibits where there must be a 
great number of charts in rapid sequence, it is better in general to use 
a variety of effects simply to attract attention, and to present the data 
themselves according to standard well-known methods. 

In Fig. 66 the attempt to give a spectacular scheme of presentation 
seems to have overshadowed everything else in the mind of the illus- 
trator. Though a striking architectural design has undoubtedly 
been obtained, the chart means nothing, for it is impossible of inter- 
pretation. No scale has been iised in either the horizontal or the 
vertical direction, as can be seen by comparing the figures on the block 
for 1830 with the figures on the 'block for 1840. Even if some scale 
had been used in making up this chart, the general scheme is such 
that the reader woiild hopelessly flounder in trying to reach an accu- 
rate interpretation. 

Fig. 67 puts the data given in Fig. 66 in the form of horizontal 
bars. Note that the values which the bars represent are given inside 
of the bars, for reference purposes. In order to make the shape of 
each bar stand out distinctly, gray dots were used which permit the 
figures representing the values to be read through the shading. This 
is an interesting attempt, but it is not^satisfactory as a general scheme. 
Though Fig. 67 gives the data much more clearly and far more accu- 
rately than Fig. 66, the method is not satisfactory because it is diffi- 
cult for the eye to follow the ends of the different bars in order to 
judge the increase made from decade to decade. The best method 
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Tht Philaddphia Commercial Mustum 

Fig. 66. Commerce of the United States since 
1830. The Stmi of Annual Exports and 
Imports. Values are given in Millions of 
Dollars 

Such a chart as this is wdfsc than none. There is no scale 
in either diriH'lion. The block for 18IM) Ls dra^-n with a 
larger area than the block for 1840 which rt*present.s a 
larger quantity. Compare with Fig. 07 and rig. 68 
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Fig. 67. Values of Annual Exports and Imports 
of the United States. Figures are Given 
in Millions of Dollars 

This chRrt is di 

to shuw the 



of the three is followed in Fig. 68, where the data from Fig. 67 are 
plotted in the form of a curve. The curve method brings out ail 
the information in less space and in clearer form than does the block 
iM»^ system in Fig. 66. 

i»4o r-nn An understanding of 

how to plot curves and of 
how to read them should 
be part of the equipment of 
every business man, just 
as it is of every engineer, 
physician, biologist, and 
statistician. The general 
scheme of curve plotting 
is so simple that instruction 
in it should be given as part of the work in elementary arithmetic in ail 
public schools. Children over ten years of age can do plotting and 
can understand simple curves like that of Fig. 68. Curves are usually 
plotted on co-ordinate paper already ruled in squares, so that the person 
doing the plotting need not take 
the time necessary to rule the 
paper. For reports, for illustra- 
tions of magazine articles, or for 
advertising, it is ordinarily better 
to rule by hand a small area such 
as is shown in Fig. 68 so that the 
spacing of the ruling may suit ex- 
actly the data which it is desired 
to plot. 

In Fig. 68 we have data avail- 
able 6nly by decades, from 1830 to „. ,„ „ . 
- nftn ■ I ■ T ■ J *^'S- **■ V^ue 01 Annual Exports and 

1900 mclusive. Lmes are drawn * imports of the United States. Fig- 
vertically for each decade. The ures are Given in Millions of Dollars 
scale need not run above 2,300, for ''^^L'™!!!, "nt"'^!,'""" '''^ T*' '^^t, "" k ^"^ 

' ' DO and 07. ihe curve shows the changes 

the largest figure to plot is 2,244 ^">^ Aecade to decade more vividly than do 

■11- * ■ 1 1 1 ■ 1 th« horiionUl ban of Fig. 67 

millions. A suitable scale is secured 

by using one line for each 200 millions. After the background ruling 
has been drawn, the figures at each census are laid off to scale, on 
the proper vertical lines to represent census years, and a dot is 
placed on each vertical line at that vertical distance which represents 
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the data according to the scale chosen. Thus the figure 222 for the 
year 1840 would be indicated as a dot on the vertical line for 1840 
sUghtly above the place where the horizontal scale Une for 200 crosses 
the chart. After the dots for decade years have been placed on the 
vertical Unes, the dots are joined with a heavy Une and a curve 
appears. 

The curve of Fig. 68 shows the changes from decade to decade 
much better than the bars of Fig. 67. It can be seen at once from 
the curve that the greatest gain in any decade was between 1870 
and 1880 when the increase was three and a half divisions on the ver- 
tical scale. The bars in Fig. 67 have no horizontal scale to measure by 
and the comparison between census years is accordingly more diflScult. 

When plotting any curve the vertical scale should, if possible, be 
chosen so that the zero of the scale will app)ear on the chart. Other- 
wise, the reader may assume the bottom of the chart to be zero and 
so be grossly misled. Zero should always be indicated by a broad 
line much wider than the ordinary co-ordinate Unes used for the 
background of the chart. 

In Fig. 68, it will be noticed that figures are given at the top of 
the chart to represent the value for each point plotted on the curve. 
The use of figures at the top of the chart in this manner is very de- 
sirable. The figures are in plain sight, so that anyone desiring to 
know the value of any point on the curve can look above the point 
to get the actual figure wanted, without having to read from the scale 
at the left-hand edge and then estimate roughly the value for any 
point which happens to fall in a space between two horizontal lines 
of the scale. Reading from the figures at the top of the chart permits 
any desired figure to be obtained more rapidly and much more accu- 
rately. In addition to this, the figures are recorded in such manner 
that they may be quoted for use elsewhere by anyone who may wish 
to make use of the data in a speech or in a written article in which 
the chart itself cannot be used. 

It would be a desirable thing if in all curve charts the figures for 
the horizontal scale were placed at the bottom of the chart rather than 
at the top. Many illustrations in this book, taken from pubUcations 
of excellent standing, show dates (such as years, months, etc.) at the 
top of the chart. If the horizontal scale were always placed at the 
bottom, the standard arrangement would be a convenience to the 
reader and would give the additional advantage that the top of the 
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chart would be free for a numerical statement such as is found at the 
top of Fig. 68. 

The scales of any curve chart should be so selected that the chart 
will not be exaggerated in either the horizontal or the vertical direc- 
tion. It is possible to cause a visual exaggeration of data by care- 
lessly or intentionally selecting a scale which unduly stretches the 
chart in either the horizontal or the vertical direction. Just as the 
English language can be used to exaggerate to the ear, so charts can 
exaggerate to the eye. 

A curve p)ermits of finer 
interpretation than any 
other known method of 
presenting figures for anal- 
ysis. Fig. 69 gives some 
information which many 
p)ersons might not fully 
grasp if only a column of 
figures were used to indicate 
the average yearly earnings 
of Princeton graduates. The 
fairly uniform slop)e of the 
curve for the first six years 
after graduation indicates 
that the men were receiving 
almost uniform raises in pay each year. It must be remembered that a 
straight-line curve simply indicates that the amounts of the increases 
year by year are uniform in numerical value. If a curve were started at 
the lower left-hand comer of the chart and drawn diagonally across each 
of the rectangles of the chart, it would be seen at once that there 
would be a straight line indicating an increase in salary of $500 per 
year. With such a straight line across the chart, the increase in salary 
for the first year would be $500. As compared with a zero beginning- 
wage there would be an increase of an infinite percentage at the end 
of the first year. The next year the increase would again be $500. 
Compared to the $500 salary, the increase would be 100 per cent. 
The third year the increase would be $500, and compared to a $1,000 
salary the increase would be only 50 per cent. A curve of uniform 
slope on any chart of rectangular co-ordinate lines indicates only that 
there has been a uniform increase or decrease in actual numbers, not 




Fig. 69. Average Income of 155 Princeton Grad- 
uates of the Class of X90Z for Ten Years After 
Graduation 

Note the effect of the 1907 panic on incomes in 1908 
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a uniform rate of change on a percentage basis. A plotted line repre- 
senting a uniform rate of increase from year to year on a percentage 
basis may be seen in the cun-e given in Fig. 121. 

n>»,ini.Hiiik..oiDGnai The Untrained reader of 

pRODocTiow curves will probably not be 

3 able to tell instantly what 

made the flat portion of the 
cur\'e in Fig. 69 during the 
year 1907 to 1908. One of 
the chief advantages of the 
curve method of presenting 
information is that a curve 
forces one to think. A 
little thought here will at 
once bring out the fact that 
the flattening of the curve 
was caused by the 1907 
panic. Though the panic 
started in October of the 
year 1907. the year 1907 
was really one of the most 
prosperous years the coun- 
try has ever known. It 
would be more fitting if the 
panic were called the 1908 
panic, since the main effect 
of the panic came in 1908 
rather than in the year 
U « H * 1907. It can be seen that 
«>Hrci«i u»»<>« ^^^ Princeton men had 
Kg. 70. Cotton Goods Production, Import and tlieir incomes reduced dur- 
Export for the United States. Values are ing the year 1908 so that 
Given in Millions of Dollars the average fell below that 

The order of years here reading from nght to left gives the t> i i ■ 

first impresHion that production is decreaaiog. Compare 01 1907. By ioOKing alODg 
this IlluatrBtioD with Fig. 71 ., .. .]• . .• j 

the curve it will be noticed 
that though there was a larger yearly increase in salary after 1900, 
salaries at the end of 1911 had not attained the point which it 
would seem they would naturally have reached" if no panic had 
occurred at a time so shortly preceding this date. 
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In Fig. 70 vertical bars have been placed touching each other, 
with the earlier years at the right. The whole arrangement of the chart 
is extremely poor and also misleading. In Fig. 71 the data of Fig. 
70 have been replotted. The most striking thing about Fig. 71 is 
the falling off in the rate of increase of production in the decade 
between 1870 and 1880. The shape of the curve at once starts a train 
of thought in regard to tariff legislation and other conditions w^hich 
may affect the manufacture of cotton goods. 

It will be noticed in Fig. 71 that we have four curves, while only 
three sets of bars were given in Fig. 70. It is evident that if we add 
production and imports and then deduct exports, we will have a fair 
indication ot consumption if the amounts remaining in w^arehouses, 
etc. (which are probably a negligible percentage of the whole con- 
sumption) are excepted. Note that the import and export curves follow 
each other in general form. 



Millions 



though the export curve 
fluctuates on a percentage 
basis much more rapidly 
than does the import curve. 
Remember that in the fluct- 
uations of two curves like 
these, the change from year 
to year must be judged 
from the zero base line 
rather than from the slope 
of the curves themselves. 
The drop in the export 
Hue from 1860 to 1870 was 
almost one-half, while the 
drop in the import line for 
the same period was much 
less than one-half, even 
though the import line 
does show the greater slope 
downward. 

In Fig. 72 we have an example of what not to do in charting. 
The main effect of the circles is to give one a headache w^ithout per- 
mitting any accurate comparison between the years. The eye does not 
easily see each circle as an area. The tendency is to see only rings 
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Fig. 71. Cotton Goods Production, Import and 
Export for tbe United States 

These curves are plotted frcn the data oi Fig. 70, and show 
the information in much clearer form 
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between the lines of the circles, 
rather than the whole area in- 
cluded inside of each circle line. 

Fig. 73 gives the data of Fig. 
72 in curve form. The heavy solid 
line curve shows the changes from 
decade to decade as they could 
never be interpreted from either 
the actual figures or the circles of 
Fig. 72. The tremendous increase 
in the world's commerce between 
1900 and 1910 is of very great 
interest, showing the effect which 
better means of communication 
have brought about as a result of 
the splendid increase in scientific 
and engineering knowledge. 

■ If one makes comparisons be- 
tween the circles of Fig. 72 on a 
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Fig. 72. Annual Commerce of the World, 
Imports and Exports Combined. 
Shown at Ten-year Periods, 1850- 
1910 

These circles, drawn on an area basis, are even more 
diflieutt to interpret than the cireles of Fig. 38. 
The eye is likely to see the rings rather than the 
whole areai of the circles. Compare Fig. 73 
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Fig. 73. Annual Commerce of the World* 
Imports and Exports Combined. 
Shown at Ten-year Periods, 1850- 
1910 

The solid line is plotted according to the figur«« 
given in Fig. li. The dotted line Bhows the 
emineoua irapresaion which would be obtained 
by the reader if he should interpret Pig. 78 by 
the diameters instead of by the areas ot t&e 

diameter basis rather than on the 
area basis to which the qjrcles were 
drawn, one gets an interpretation 
like that indicated by the dotted 
line in Fig. 73. By comparing the 
dotted line with the solid curve 
the reader may see the extent of 
the error which arises if circles are 
compared on a diameter basis after 
being drawn on an area basis. 

Fig. 74 gives a good idea of the 
utility of the curve method for 
showing concisely a large quantity 
of data. If the figures for the price 
of cement had been expressed in 
dollars and shown in a long numer- 
ical column, there would be very 
few readers who would take the 
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trouble to follow the table of figures and notice the fluctuations from 
year to year. The curve, however, gives all the variations in price 
at a glance and shows in most striking manner the great reduction 
which occurred in the price of cement as manufacturing facilities im- 
proved and increased. A curve of this kind greatly stimulates thought, 
for one immediately wishes to know the cause of each of the peaks 
and of each of the valleys in the curve. One gets a vista of recurring 
periods of financial boom and of financial depression, and a glimpse 
of such factors as new developments in methods of manufacturing 
cement and the constantly increasing demand for the product. 

If the reading of curves were understood by the average educated 
person, it would be possible to use, in almost any kind of magazine, 
advertising illustrations on the order of that shown in Fig. 75. Since, 
however, curves are not 
widely understood at 
present, this type of 
advertising must now J 
be limited chiefly to 
the technical journals 
read by engineers and 
others who understand 
curve interpretation. 
It is really a calamity 
that curves are not 
more widely under- 
stood. Advertising men 
are now frequently un- 
able to convince people of their argument simply because they have 
no language by means of which figures can be made interesting or 
even intelligible when expressed in an advertisement of limited size. 
The author ventures to predict that it will be only a very few years 
until curves are so widely understood and used that they may be 
presented advantageously in any high-grade ad^'ertising pages. 

It would be almost impossible to give a clear idea of the flood 
indicated in Fig. 76 if only columns of figures were used. With the 
curve it can be seen clearly that the stream rose very rapidly and' 
subsided rapidly, so that the stream was down almost to normal 
level within forty-eight hours after the beginning of the flood. This 
curve was probably plotted from flood-gauge readings taken once an 
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Fig. 74. Prices of Cemeat, per Bairel, in Bulk, at the 
Mill, from 1^0 to 1910 

Columiu of printed figurea or a senra of vertical ban could not por- 
tray this informatioD as vividly as it b brought out by the curve 
shown above 
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hour, or even more frequently. The cur\'e, therefore, was plotted 
on much more numerous points than are indicated by the vertical 
lines of the horizontal scale. Frequent observations of the gauge 
height and the numerous points plotted on the cur\-e in Fig. 76 ex- 
plain those fluctuations in the line of the curve which occur in the 
spaces between the vertical lines. Ordinarily a chart is sufficiently 
accurate if straight lines are drawn from point to point of the plotted 
data for a curve, without attempting to make a smooth, flowing line. 
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^if- 75- Advertismg Illustr&tion used in a Technical Magazine, with a Heavy-type 
Statement Proclaiming that "3000 Central Stations in the United States need a 
High Grade Gasoline-Electric Generating Set" 

"nic bUrk nre&a indioate the portion of the i4-hour power-housr load for which the guoliac engiae would 
be used 

The curve looks smooth in this illustration simply liecause the gauge 
readings were taken so frecjuently that the nearness of the many 
points made the lines joining them appear curvilinear rather than 
angular. Such a smooth curve would not have resulted if gauge read- 
ings had been taken only everj* six hours and the chart made by con- 
necting with straight lines the points plotted for' the data obtained at 
these longer intervals. 

Another flood cur\'e is .shown in Fig. 77. The speed with which 
the water ran off the territory' drained can be judged by the shape 
of the curve. It is not. however, safe to compare the shapes of the 
curves in Fig. 7G and Fig. 77 without n()ticing that in Fig. 77 we have 
one day represented by a spa(« approximately the same as the space 
used in Fig. 76 for only six hours. If the curve of Fig. 76 were plotted 
on the same horizontal scale as the curve of Fig. 77, the flood would 
tf'^^Uo be much more severe and rapid than it appears from Fig. 76. 
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Fig. 76. Curve Showing Duration of a Flood, September 16, 1909, 
in the Canadian River, New Mexico 

This curve was first plotted on a paper luviag co-ordiuate lines close together. For 
ease of reading, the intennediate lines were omitted from the nugaiine illustration 

In general, it is unwise to compare the shapes of two curves unless 
they are plotted to the same scales, both horizontal and vertical. 

The curve of Fig. 77 is misleading because the scale does not begin 
at zero. Only the peak of the flood is shown, with no zero hne from 

which to judge the 
extent by which the 
flood exceeded the 
normal flow of the 
river. If the, co-ordi- 
nate lines were drawn 
so as to show the zero 
line, the base of the 
chart would be about 
^ inch lower than it 
appears in Fig. 77, and 
thfe whole curve would 
make a different im- 
pression. The omission 
of the zero line in charts 
of this kind is partic- 
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Fig. 77. Flood in Qie Hudson River at Mecbanics- 
ville, N. Y., March, 1913 

Note the different scales at the right sJid the Irit by which the 
curve may be interpreted. This chart b misleading because the 
scales do not begin at zero 



ularly irritating, yet it is a very common error made by persons 
drawing charts. 

Note that in Fig. 77 the curve can be read from two distinct scales, 
one scale on the left side of the chart, and a different scale on the 
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right side of the chart. If only one scale is used, ft should be placed 
at the left-hand side of the chart. In very large charts it is some- 
times desirable to repeat the scale at the right-hand side as well. 
Where two different units of measurement are used in the scales, 
the units should be carefully named so that there will be no danger 
of the reader's using the right-hand and the left-hand scales intei^ 
changeably as though they represented the same unit. 

Charts like that shown in 
Fig. 78 are quite frequently 
used in public health reports. 
It is difficult to see how such 
an unsatisfactory type of 
chart ever came into general 
use, unless it was because 
there are twelve months in a 
year and twelve hours on the 
face of a clock. If the death 
rates for the different months 
of the year were plotted in a 
curve, using rectangular co- 
ordinates, the data would be 
just as easy to read and to 
understand as when shown by 
tbe radial scheme (polar co- 
ordinates) of Fig. 78. There 
would be the additional ad- 
vantage that the rectangular 
method would be more widely understood than the circular method 
of Fig. 78. 

Though a chart in the form of Fig. 79 might be justified in the 
Sunday supplement of a newspaper where an untrained audience must 
be reached, it is much better to use a curve in the form of Fig. 80 
whenever a trained audience is assured. The most interesting thing 
about Fig. 79 is the slanting line which gives an unusual optical illusion 
if observed under artificial light, especially with a bare gas flame. 
The slanting line then appears blue, although it is printed black like 
the horizontal bars of the chart. 

The dotted line in Fig. 80 corresponds to the slanting line of Fig. 
79, and represents a progressive average of all the points on the curve 




Fig. 78. Death Rate from Consumption per 
1000 Inhabitants for Each Month of the 
Year in Cities of tiie United States 

This type of chart should be banished to the scrap heap. 
Charts un rectangular ruling are easier to draw and 
easier to underslaDd 
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above. The dotted line, of course, coincides with the solid line at the 
first point where there is only one point to consider in the average. 
Figures for the dotted line are obtained by averaging the figures for 
the first two years, then the first three years, then the first four years, 
etc., until the last point on the dotted line represents an average for 
all the points on the solid line. 

Fig. 80 is worthy of attention as a model of good practice which 
may be studied carefully by anyone just beginning to plot curves. 
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Pttlgfriir^A amd Late BrU Rattroad 

Fig. 79* Yearly Average of Revenue Tons per Train Mile on the Pittsburgh and Lake 
Erie Railroad. The Slanting Line Shows a Progressive Average 

If this illustration is observe<l with artificial light, an interesting optical illusion may be noticed in that the 

slanting line appears blue in color 
The use of horizontal bars here gives a chart less easy to interpret than the curve shown in Fig. 80 for these 

same data 



GRAPHIC METHODS 



X^sj 






i 






l\ 


i 


I 


11 


■ 




! 


;$3 


.3 




■ 


' * 

s 




i 


1 


i 


■ 


MOO 






















































' 






















































"■' 










































/ 


•• 




/ 


s 


' 










































/ 


















































; 


, 
^ 




















































/ 


















































J 


h-^ 




















































' 




















y 


































/ 














-■ 


•' 


























/ 


•• 


J 




- 




'E-i 


^ * 




- 


































/ 








^ 




... 


' 




























f. 


^ 


~ 






' 




• 
















































































































































'. 


. 


i 


, 


, 


1. 


. 


. 


. 


. 




?.' 


5 


. 


.«.« 


.S.I.S 


.5.S.3??. 


!.S.».8|. 


• *• 



Fig. So. Yearly Average of Revenue Tons per Train Mile on the Pittsburgh and Lake 
Erie Railroad. The Slanting line Shows a Progressive Average 

Here we have the data of Fig. 70 plotted m a curve which can be interpreted easily and aecuretely 
This chart may be consideml ft model ot good practice in curve plotting. All of the work, including the 
lettering, has been done by hand, thua injuring better results than can usually be obtained from printing 



The following features of Fig. 80 are pointed out for the benefit of 
anyone who may have curves to plot: 

1. The zero line is a much broader line than the co-ordinate 
lines. 

2. Heavy lines are not used at the right- and left-hand edges, 
since the chart does not start or end at the beginning or end of 
time. 

3. All lettering is so made that it can be read horizontally or 
from the right-hand edge of the sheet. 

4. Years are given with four figures for every tenth year 
ending in zero. Other years are indicated with two figures so that 
they may be more quickly read. 
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5. All letters and figures on this chart were made by hand, 
showing the perfection which may be attained by practice in 
lettering. 

6. The curve itself stands out clearly from the co-ordinate lines. 

7. Figures at various points along the curve indicate matters 
which are worthy of special notice. Foot notes are not given 
here, however, as they are only of highly technical interest. 

8. Figures for the values of points on the main curve are given 
at the top of the chart immediately above each corresponding 
point on the curve. Values may be read correctly from the upper 
figures rather than guessed at by estimating them roughly on the 
left-hand scale. 

9. The statement "Revenue Tons per Train Mile" at the upper 
left-hand corner is purposely printed diagonally so that it may 
serve as a heading for each of the two columns of figures, one at 
the left and the other at the top of the chart. The diagonal ar- 
rangement gives a neater effect than can be obtained otherwise. 

10. Though figures for the dotted curve could be shown at 
the top of the chart the dotted line is of only minor interest here. 
It is accordingly best to avoid the two columns of figures at the 
top in order that the figures for the main curve may standout 
more prominently. 



Chapter VT 
CURVE PLOTTING CONTINUED 

THERE are so many different applications of curves and such 
varied yet convenient methods of plotting curves, that it seems 
worth while to take up some of these in detail, and point out 
certain advantages and disadvantages of different curve-plotting 
schemes. 

Practically all curves display relations existing between different 
sets of data which we may call "variables". One of the variables 
is used as a standard or measure by which to interpret the facts under 
consideration, and it may be called the "independent variable". The 
other variable, which is interpreted from the independent variable, is 
called the "dependent variable". For example, in a bacteriological 
examination of a pond at varying depths, distance below the surface 
would be the independent, and number of bacteria per cubic centimeter 
the dependent variable. In a seasonal gauging of a stream the dates of 
. observation would be the independent and cubic feet per second of 
flow the dependent variable. Sometimes we consider more than two 
variables simultaneously, and we then have two or more independent 
variables from which to consider a dependent variable. 

It is difficult to make a general rule for determining in any case 
which is the independent variable and which is the dependent variable. 
The decision depends entirely on how any set of data is approached 
and on the habits of mind of the investigator. When time is one of 
the variables it is usually, but not always, the independent variable. 
If we consider values or quantities at different dates, as in Fig. 80, 
time is very obviously the independent variable. If, however, we are 
interested in the length of time required to do different operations, as 
in Fig. 85, Fig. 86, and Fig. 87, our data are expressed in length of 
time and time is the dependent variable. This example is an excep- 
tional case and it is named here only to show that, although time is 

84 



CURVE PLOTTING 



85 



\soo 




tZQOO 



ordinarily the independent variable when it enters into curve plotting, 
nevertheless there may be occasions when time is the dependent 
variable, and charts should be plotted accordingly. It is important 
that the person drawing a chart should in each case distinguish be- 
tween the independent variable and the dependent variable, for this 
distinction affects the whole arrangement of the chart. -• 

It should be a strict rule for all kinds of curve plotting that the 
horizontal scale must be used for the indep)endent variable and the 
vertical scale for the dependent variable. When the curves are plotted 
by this rule the reader can instantly select a set of conditions from 
the horizontal scale and read the information from the vertical scale. 
If there were no rule relating to the arrangement of scales for the 
independent and dependent variables, the reader would never be 
able to tell whether he should approach a chart from the vertical 

scale and read the information from the hori- 
zontal scale, or the reverse. If charts are 
always plotted with the independent varia- 
ble as the horizontal scale, there need be no 
question in the reader's mind as to how he 
should interpret the chart. The rule for scale 
arrangement is not always followed, and a 
few examples are shown here to indicate the 
diflSculty of interpretation which the reader 
may have just because a rather simple prin- 
ciple of curve plotting has been neglected. 

In Fig. 81 the depth of the water has 
been plotted downward from the top of the 
chart so that the reader may get the impres- 
sion of measurements taken at different dis- 
tances below the surface of the water. In 
making the tests which are represented in Fig. 81, different depths 
below the surfaces were selected and the bacteria determined from 
the water samples taken at these depths. The depth is here the in- 
dependent variable, and bacteria per cubic centimeter the dependent 
variable. The decision as to which is the independent variable and 
which is the dependent variable rests entirely on how the problem is 
approached. Numerous samples could have been taken at different 
depths, and then a curve plotted to determine the depth at which 
certain numbers of bacteria per cubic centimeter were found. In 
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such a case, bacteria per cubic centimeter would be the independent 
variable and depth would be the dependent variable. This sort of 
problem may be attacked from either one standpoint or the other, 
and it is just a question of convenience as to which method is used 
and which variable is made the independent variable. Though the 
problem can be stated in such manner that either one variable or the 
other can be made the indei>endent variable, after the statement 
has been made the chart should be consistentlv drawn so that the inde- 
pendent variable will be used as the horizontal scale and the dependent 
variable as the vertical scale. 

As Fig. 81 is shown it is necessarj" for the i>erson interpreting the 
chart to select from the vertical scale some number of feet below 
the surface and then read the number of bacteria per cubic centi- 
meter by the horizontal distance to the right. It is only after some 
little puzzling that the reader will notice that the scales for the 
variables have been reversed and that the chart has been practically 
turned on its side. How this chart would appear if the horizontal 
scale were used for the indei>endent variable may be judged by turning 
the book and looking at Fig. 81 from the left-hand side of the page. 
Though it is easy to see why the i>erson making Fig. 81 happened to 
arrange the chart in the manner sho\ra with the variables reversed, 
the gain due to showing depth below the surface in the vertical direc- 
tion does not make up for the possibility of misinterpretation which 
results because of the neglect to follow standard practice. 

In Fig. 82 we again have depth plotted downward from the top 
of the chart. As we wish to determine the velocity of the stream at 
different depths of water, depth is the indei>endent variable and 
velocity is the dependent variable. The arrangement of Fig. 82 is 
not as objectionable as Fig. 81, for the upi>er half of the illustration 
shows quite clearly in pictorial form that the subject under considera- 
tion is a stream having a channel shai>ed as sho\ra, with widths and 
depths as indicated by the two scales. In the bottom portion of the 
diagram the scale of depths downward relates verj" definitely to the 
upper portion of the illustration so that the reader cannot easily go 
astray. Notice that the curv^es for the velocity of the water are each 
plotted on a separate vertical line which serv^es as zero line. The 
curv'es for velocity begin at various points depending upon the thick- 
ness of the ice, as will be seen from the upper portion of the chart. 
There is, of course, no velocity in that portion of the stream which 
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Horlzontal diviiions represent one foot par ••cond vaiocHy 

Fig. 82. The Velocity of Water in Different Portions of a Stream Flowing under Ice 

The horizontal sc&le at the top of the illuatration shows points where velov'ity mPBauremrota were made 
through holes in the ice. Velocitira at different depths are indicated by the curves io the lower half of 
the chut, each cun'e being plotted to the right of a vertical zero line which corresponds with some hole 
in the ice. Lines are drawn in the upper poKion ot the chart showing dilTerent points io the stream 
where \'elocities are the same 

is frozen. The velocity curves end abruptly at the bottom of the 
stream. It will be seen by reading velocities horizontally from the 
different zero lines from which the curves are plotted that the velocities 
are considerably greater in the center of the stream than they are 
near the banks or the bottom. This is natural, as the friction of the 
earth bottom and sides, as well as the friction of the ice at the top, 
causes the water to be retarded and the velocity lessened. In the. upper 
portion of the illustration lines are drawn through all those points 
in the stream cross-section which have the same velocities. The lines 
are similar to the well-known isothermal lines on a weather map show- 
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ing where the temperatures are the same. From these lines it can be 
seen instantly that the highest velocity is at the center of the stream, 
as far away as possible from retarding influences. Velocities gradually 
grow less as the sides, the bottom, or the ice at the top are approached. 
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Fig. 83. Relative Value of Different Coals as Compared to Anthracite Coal 

The price ot anthracite coal ia here the" independeiit variable" since it is the standard or measure by which 
the other variable is judged. The price of anthracite coal should have been ntade the horiiraital scale 
of the chart. See Fig. 84 

Fig. 82 is an interesting piece of work and the method used in charting 
is justifiable, even though in this case, as in the preceding, the 
independent variable is plotted downward and the dependent variable 
is plotted horizontally. 
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Fig. 84. Relative Value of Different Coals as Compared to Anthracite Coal 

With the arrangement shown hire the curve lines (or different coals appear in their correct position. II 
ctwl 19 at the botlimi instead of at the top. The heavy line here drawn for anthracite proves at n R 
which fuels are better and which poorer than anthmcitQ 
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Fig. 83 is intended as a comparison between different kinds of 
coal from the standpoint of actual heating value. At the first glance 
at this chart the reader sees that the line for Illinois coal is above the 
other lines, and he is apt to draw the conclusion that Illinois coal is 
better than anthracite, coke, or Pocahontas coal. It is only after 
some puzzling over the chart that one notices that the whole chart 
has been drawn in reversed order. We are considering what the 
relative values of other coals may be if we know the value of anthracite 
coal. The whole scheme of reasoning begins with the "price of an- 
thracite coal." The "price of anthracite coal" is the independent 
variable and should be plotted horizontally, with the "relative value 
in dollars" plotted as the vertical scale. The reader may get a correct 
impression of the chart in Fig. 83 if he will turn over the page and 
read the chart by holding the page up to the light in such manner 
that the zeros of the two scales appear at the lower left-hand corner. 
When this is done, it will be seen that the relative value of Pocahontas 
coal exceeds each of the other fuels mentioned and that Illinois coal 
comes not at the top of the list, but at the bottom of the list in so far 
as fuel value is concerned. 

Fig. 84 has been drawn with the "price of anthracite coal" as the 
horizontal scale, where it belongs because it is the independent vari- 
able. The lines for different fuels now appear in their correct order, 
and the reader sees at a glance that Pocahontas coal has more fuel 
value than anthracite coal. Notice that a heax'y line has been used 
for the curve line drawn for anthracite coal. As this line is the standard 
by which the values are compared, it seems best to give it prominence 
on the chart. The position of other curve lines above or below this 
line shows instantly whether the fuels are better or worse than anthra- 
cite in relative value. 

In Fig. 85 an effort has been made to show detail time-studies 
by the use of curves. There is an error here, however, in that the curve 
has been arranged in such manner that the independent variable is 
drawn verticallv and the information desired as "time in seconds" 
must be read off from the horizontal scale. The reader wishes to 
know how many seconds are required for any one step or any series 
of steps in the whole work. The chart can be interpreted in the accus- 
tomed way if the page is turned over, and the diagram read by hold- 
ing the page in such manner that the zero on the scale of "time in 
seconds" appears at the lower left-hand corner of th^ chart when the 



GHAPHIC METHODS 



page is held up toward a light. The curve for operator No. 1 then 
appears below the curve for operator No. 2 and the chart shows cor- 
rectly the relative merits of the two operators. Fig. 86 is a re- 
drawing of the data . 
shown in Fig. 85. 
Here the curves for 
the two operators 
appear in their cor- 
rect relative posit ion, 
and it is seen at once 
that operator No. 1 
is the more rapid 
worker, since he uses 
less time. With the 
independent v a r i - 
able made the hori- 
zontal scale, a chart 
can be interpreted 
quickly. It the de- 
pendent variable is 
used as the horizon- 
tal scale the reader is 
likely to draw a con- 
clusion the reverse of 
that the chart was 
intended to show. 




Fig. 85. Record of a Detailed Time-Study of Two 
Operators Labeling Packages 

We ar« bere studying the time tor diiFereat operatiooa. The oames of 
the operations constitute the indepeodent variable while time is 
the dependent variable. The diart reverses the proper arrangement 
o<F seales and causes the curve for operator No. 1 to appear improperly 
above the curve for operator No. i. Compare Fig. 86 



Fig. 87 shows the data of Fig. 85 and Fig. 86 redrawn in the form 
of horizontal bars such as were seen in Chapter I and Chapter II. 
The relative times for the various operations are shown much more 
clearly by the horizontal bars than by the cur\'es used in Fig. 85 and 
Fig. 86. The time in seconds required for each Oixration is given 
by detailed dimension lines above each section in the horizontal bar, 
and the comparative total time of the two different men can also be 
grasped instantly. The total time in seconds for the wliole series 
of operations is shown by an over-all dimension line above each of 
the bars, and the reader, if he wishes, may make an accurate com- 
parison between operator No. 1 and operator No. 2 by using a numerical 
ratio. A chart of this kind can be verj' quickly made for ordinary 
office purposes !f the horizontal bars are drawn on co-ordinate paper 
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and the different areas made to 
stand out in contrast by the use of 
colored crayons. The actual differ- 
ences between the two operators 
would show more clearly, operation 
by operation, if lines were used join- 
ing the ends of the components in 
the two bars in a manner similar to 
that seen in Fig. 32. The data of 
Fig. 85 do not lend themselves well 
to presentation in curve form. In 
Fig. 85 and in Fig. 86 the shape 
of the curves means nothing, since 
there is no numerical scale relating 
to the names of operations. Fig. 
87 shows a much more satisfactory 
method for portraying the data. 

In Fig. 88 we have an applica- 
tion of cur\'es to advertising in pop- 
ular magazines. The curves de- 
pict the circulation of a newspaper. 
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Fig. 86. Record of a Detailed Time- 
Study of Two Operators Labeling 
Packages 

Here the sealea have been properly amin)(e<l anil 
the two cun-ea appear in their correct relati»-c 
position on the chart. These data, however, 
are not well suited lor curve presentation 
and they arc more clearly brought out by the 
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Oper- 
ator 
No.l. 

Scale Isec- O.l" 
Fig. 87. Record of a Detailed Time-Study of Two Operators Labeling Packages 

By this method of presentation the reader may sec clearly the relative length of time for different operatiuna 
as well as the ci)mparisun ot total time taken by the two workers. Dimenaion marks and figures show 
conveniently the actual number of seconds required. The different operations have here been given 
numbers instead of names. The scale to which the chart is drawn is named 
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Fig. 88. The Use of Curves in air Advertisement to Show the Growth in Circulation 
of a Newspaper 

It it untortunate that this illustration was not ouide ao ai to show the lero line of the vertical scale. In 
advertUing work it usually pays to avoid anything which miRht seem like eKBggeratioQ. Omitting 
the zero line makes the growth seem more rapid than it would if the zero line were included in a chart 
drawn to scale. Though the drafting on this chart might have beeu better, the appllcatiuu of curves to 
advertising deserves commendatii^ 

with the object of convincing advertising managers that this par- 
ticular newspaper is a desirable one in which to place advertisements 
because of the rapidly and steadily increasing circulation. It is sur- 
prising that circulation managers of newspapers have not more often 
used charts to show circulation, instead of the wordy typed state- 
ments so frequently seen claiming great growths in circulation over 
a period of months or years. Though Fig. 88 shows a commendable 
progressiveness on the part of this particular newspaper in adapting 
curves to circulation statements, it seems necessary to point out the 
fact that the chart may cause distrust in the minds of some readers. 
There is a chance that the man who has advertising to place may feel 
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that the chart has been drawn in too optimistic a manner because it 
does not show zero at the bottom of the scale. It would have given 
a much more conservative impression it the excellent record of circu- 
lation growth had been plotted in cur\'es having the zero line shown 
at the bottom of the chart, so that the relative growth could be accu- 
rately judged visually. 

In Fig. 89 a large amount of information has been condensed into 
a small amount of space, yet the chart is fairly clear and easy of in- 
terpretation. Several ingenious coni!)inations have been included as, 
for instance, the arrows that show the prevailing direction of the 
wind each day. The chart gives unusually complete information in 
a most convenient form for any ventilating engineer or power-plant 
manager who wishes to keep careful track of his cost of coal in different 
months of the year as dependent upon weather conditions. 
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Fig. 89. Record of the Weather in New York Ci^ for December, 191 2 

lltr h«i\'y linr inilk-atca trniperatuK' in dejirres Fahrenheit 

Hie light solid line shows wind velocity in miles per huiir 

The doltfd line depii'ts irlntive humiility in [)crcentage from readlogs taken at 8 a.m. and 8 p.m. 

Arrows portray the prevailing iliiretion of the v'xaA 

loitiala at tlie Ihuc kH the chart shuw weather conditionji aa follows: S. clear; PC, partly cloudy: C, Cloudy; 



Fig. 90 shows an example of double co-ordinate ruling on the 
same sheet of paper. The scheme of using double co-ordinates is 
not very well known even to engineers and it seems worthy of atten- 
tion here. The solid line plotted in the general form of a curve with 
a flat space for each month shows the total water consumption in 
millions of gallons per day. The total water consumption is read 
from the scale of the horizontal lines as for any curve plotted by 
rectangular co-ordinates. The slanting Hues are drawn after the total 
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number of gallons used per day has been divided by the number of 
inhabitants in the district so as to obtain a figure for the average 
daily consumption of water per capita. As the population figure used 
depends upon census records it may be necessary to get the rate of 
growth in the population from records as much as ten years apart. 
In Fig. 90 it can be observed that the slanting lines showing the rate 
of growth of the city are straight lines, indicating probably that the 
census figures were used in the drawing of these hues because yearly 
figures could not be obtained. If yearly figures were obtainable the 
slanting lines could be extended year by year until they reached 
completely across the chart. The rate of growth in population deter- 
mines the angle of the slanting lines, the more rapid the growth the 
greater the angle of the lines. 

The slanting lines are located on the page so that a curve can be 
read from either the horizontal lines or from the slanting lines. The 
method of locating the slanting lines can be worked out by anyone 
who will experiment a little in making a chart of this type. When the 
population is known and the total consumption is known, it is only a 
matter of division to determine the consumption per capita. After the 
slanting lines are once placed upon the chart, the curve can be read 
either from the horizontal lines showing the total consumption or 
from the slanting lines showing gallons per capita. 

Taking the peak for February, 1912, we see that the total con- 
sumption averages during the month 142,000,000 gallons per day. 
Reading this same month from the slanting lines we observe that the 
average consumption per capita daily was 127 gallons. Notice, that 
while the total consumption in gallons was much larger in February, 
1912, than in January, 1909, as seen by considering the horizontal 
lines, the consumption per capita in February, 1912, read from the 
slanting lines, was somewhat less than in January, 1909. 

If we consider the growth in the population of the city of Boston, 
it is permissible that the total water consumption in 1912 should be 
greater than in 1908. In spite of the large growth of the city from 
1908 to 1912, there has been a general decrease in the total quantity 
of water consumed. The decrease in total consumption is chiefly 
due to the metering of water to individual users, eliminating a large 
part of the water waste which formerly occurred because of careless- 
ness on the part of consumers. The actual percentages of the services 
which were metered in each one of the years considered may be seen 
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"Fig. 90. Chart Showing by Months the Average Total Daily Water Consumptioii in 
Boston, and by Months the Average Daily per CapUa Water Consumption. Also 
the Yearly Average of Daily Consumption Stated m Total and per Capita 

In tiiu illustration the curves may be read from either of two different sets of co-ordinate rulings. I'sing 
the horizoatal ruled lines, we may read from the curves the average total consumption per day. By 
reading from the slanting lines, tlie same curves may be interjireted as the average consumption per 
eapUa per day. The scheme of usiug two sets of co-ordinate rulings is a valuable one. The scale for 
"million gallons per day" should, however, have been shown only at the left, with the slanting line 
Ksle for "gallons per capita" placed in the light-hand margin fur the sake of clearness 

by referring to the figures near the upper portion of the chart. Note 
that in 1908, 21 per cent of the ser\'ices were metered, while in 1911, 
45 per cent were metered. The proportion of the services metered in 
1912 was not known at the time the chart was made and hence is 
not recorded. 

A little study of Fig. 90 will show that there is a very striking 
similarity in the shape of the waves for different calendar years. Water 
fwnsumption is high in the winter and again high in the summer months, 
with the lowest point each year usually found in November. The 
exact amount of resemblance of these waves to each other could be 
determined in an interesting manner if a separate curve were plotted 
for each year so that all the curves would be shown one above the 
other in the manner seen in Fig. 103. 
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Just how much the total consumption in water has been decreased, 
even though there was an increasing population, may be seen by re- 
ferring to the dotted line on the chart. This dotted line was plotted 
from points which represent the average for the whole of each year. 
Thus, the average in 1905 was about 122 million gallons per day and 
in 1911 about 113 million gallons per day. There is so great a fluc- 
tuation in the main curve from month to month that it would be diflS- 
cult to judge accurately whether the average consumption is going 
up or down if some such curve as the dotted line were not used. An 
average curve line run through a curve in the manner shown by the 
dotted line in Fig. 90 is of great assistance in drawing accurate con- 
clusions from curves which have much fluctuation. 

In Fig. 90, the dotted line, plotted through a point giving the 
average for each year, thoroughly eliminates all the fluctuations 
which would be so confusing to the reader if he had to study only the 
monthly curve. The dotted line shows conclusively by its slant that 
the total consumption from 1905 to 1908 inclusive went up just about 
as rapidly as the growth of the population would lead one to expect. 
After 1908, however, there was a tremendous drop in total consump- 
tion, even though the population kept on increasing. In 1912, the 
average total consumption per day went up somewhat above 1911, 
but yet it did not increase much more rapidly than the slanting line 
of the per capita scale might indicate as permissible. Fig. 90 could 
have been improved somewhat if the dotted line had been replaced 
by a broad black line which would bring the yearly-average curve 
vividly to the attention of the reader. The yearly-average curve 
really gives the most interesting conclusions which can be drawn 
from this chart and it is worthy of greater emphasis to the eye than 
is given to it in the chart. 

It would have been better if the scale for "milUons of gallons per 
day'' had been placed only at the left-hand edge of the chart in heavy 
lettering so the figures would stand out clearly. The scale for the 
slanting co-ordinate lines could then be placed at the end of each 
slanting line at the right-hand side of the chart. The scale for the 
slanting co-ordinate lines is too diflScult to find in Fig. 90. 

An interesting study could be made from Fig. 90 by plotting a 
curve which would show each year the percentage of services which 
were not metered, instead of using the figures at the top of the chart 
which show the percentage of services which are metered. A curve 
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for the percentages of services not metered should show some similarity 
in shape to the dotted line curve in Fig. 90, giving the yearly average 
of daily consumption. 

When any curve fluctuates greatly, the general trend of the curve 
can be most easily determined if the method of moving averages is 
used. If data are plotted by months, a moving average is frequently 
made to include twelve months. As a succeeding month is included 
in the moving average, that calendar month of the preceding year is 
dropped out of the average so that the average always includes twelve 
months. The moving-average curve is a much smoother cuVve than 
a curve made from the monthly figures, and is accordingly more easily 
interpreted. The degree of smoothness of any moving-average curve 
depends chiefly on the number of points included in the moving av- 
erage as compared with the number of points in one complete wave 
or cycle in the data curve, and the moving-average curve is most 
smooth if the moving average includes the same number of points 
as are usually found in one complete wave or cycle of the fluctuating 
curv'^e. 

Many curves plotted by weekly or monthly observations show a 
complete w^ave or cycle each year because of the effect of the seasons. 
With such a curve it is best to use for the moving average the number 
of points included in one year of the fluctuating curve. When, how- 
ever, we study curves relating to financial conditions in any countrj% 
we find that there are complex cycles which involve several years. 
With such a complex curve considerable care must be used to deter- 
mine the average length of one wave or cycle, so that the moving- 
average curve may be made as smooth as possible and most nearty 
represent the data being studied. 

In Fig. 91 the data when plotted by years give such a complex 
curve that it is not easy to determine just how rapidly exports have in- 
creased. To show the effect of different numbers of points included 
in a moving average, curves were drawn with moving averages for 
three years, five years, and ten years. Since the distance between 
peaks on the curve making one cycle of fluctuation averages more 
nearlv ten years than three vears or five vears, the ten-vear curve 
more closely approximates a smooth curve line than either of the 
other two curves. As a matter of fact, the intervals ])etween peaks 
change somewhat so that it is difficult to select any one numl^er of 
years as the correct number for use in making up the moving average. 
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The hea^'^^ smooth curve was drawn finally by using the points which 
represent the averages of the decades and then sketching in, free 
hand, a line which gives a smooth curve and removes the waves found 
in the ten-year moving-average curve. Notice that the heavy smooth 
curve is so drawn through the ten-year curve as to give approximately 
equal areas on either side of the smooth curve between that curve 
and the curve for the ten-year moving average. The curve for the 
ten-year moving average evidently does not give a fair interpretation 
of yearly data, because the ten-year average curve shows a peak in 
the year 1886 while the data as plotted by years show a valley for that 
year. The peak in the ten-year moving-average curve in 1886 was 
caused by the number of years included in the moving average not 
being a true representation of the length of one full cycle. The length 
of the cycle changes from time to time, so that no one selected cycle 
length is satisfactory for the whole curve. The hea\y curve sketched 
in by hand is the fairest approximation to show the trend of the fluc- 
tuating curve as a whole. 

In Fig. 91 the points on any smoothed curve are plotted midway 
horizontally in the range of years included in each moving average. 
It is on this account that the smoothed cur^^es, though all plotted 
from the same data, do not seem to end at the same year at the right- 
hand side of the chart. Though it is good practice to plot smoothed 
curves in this manner with each point midway in the horizontal range 
of the points included in any moving average, there are times when 
it is not desirable to have the point on the moving-average curve fall 
behind the latest point on the data curve. For operating records in 
industrial work, the moving-average curve is convenient to show an 
average for the preceding twelve months or for any other length of 
time immediately preceding. With such curves it is usually best to 
have the last point of the moving-average curve plotted on the same 
vertical co-ordinate line as the last point of the data curv'^e. 

Index numbers are used very commonly in the study of facts 
relating to the prices of conmiodities over a long period of time. \Mien 
making comparisons by index numbers, conditions are selected which 
as nearly as possible represent the normal or typical conditions for the 
subject under consideration. The figures for other dates are then 
compared with the figures representing the normal conditions, by work- 
ing on a percentage basis so that the figures for the normal conditions 
are taken as unity or 100 per cent. Figures for the conditions to be 
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compared with the normal are expressed in percentages, making the 
increases above normal in figures above 100 per cent and decreases 
below normal in figures below 100 per cent. Unfortunately, the reader 
not familiar with index numbers may not realize that a chart relating 
to index numbers should be read from the 100 per cent line rather 
than from the base of the chart. It is very common to find a chart 
relating to index numbers so drawn that the chart does not extend 
to the zero of the 
vertical scale. Such 
a chart may give a 
false impression of 
much more violent 
fluctuation than 
would be interpreted 
from a chart plotted 
on the usual co-or- 
dinate field and 
showing the zero of 
the vertical scale. 

Fig. 92 is taken 
from the United 
States Government 
Cro'p Reporter, a 
magazine widely dis- 
tributed to farmers. 
It has been the hope of this magazine to give producers of agricultural 
products an opportunity to study the price records of previous years, so 
that they may, in so far as possible, sell at the time of the year when 
prices are the highest. It is much to be doubted whether the average 
reader of charts like that seen in Fig. 92 would realize that the 100 per 
cent line must be used as a basis for interpreting the chart. The 100 per 
cent line has not been made any heavier than the other lines on the 
sheet. A man who had been at all accustomed to reading charts 
having zero at the base of the chart would be apt to read Fig. 92 as 
though the bottom line were the zero from which the curve had been 
drawn. On such a basis, he might think that the price of eggs in 
January, 1912, was more than eight times the price in July, 1911. 
Such a conclusion would, of course, be entirely unwarranted by the 
actual figures. 



Fig. 93. Fluctuation in the Price of Eggs in the United 

States as Compared with the Average of the Monthly 

Figures for the Preceding Four Years 

An untraiBed reader may not realize that this chart muat be read from 

the line representing 100 per cent. Charts (or indei numbers, where 

the fluctuation is compared with 100 per cent, should have the 100 

per cent line made broad, and a wavy line should be used at the 

bottom of the chart unless the zero ot the scale is shown. An alter- 

^own in Fig. 93 
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Where charts for index numbers are made on the 100 per cent 
basis, it would seem best to have a broad line for the 100 per cent 
line. If there is not room to extend the co-ordinate field down to the 
zero of the vertical scale, the co-ordinate field may be shown broken 
off with a wavy line at the base indicating to the reader that the bot- 
tom of the chart is not a zero line, and that the chart must be read on 
the 100 per cent basis. 

Fig. 93 was drawn from the data of Fig. 93 as a suggestion for a 
type of chart which might be used where an untrained class of readers 
must be reached. By plotting increases above the zero line and de- 
creases below the 
zero Une, a chart 
is obtained which 
needs httle space 
and which never- 
theless is on a large 
scale, giving a 
great amount of 
detail so as to per- 
mit accurate read- 
ing of all the vari- 
ous points on the 
curve. There is 
very small chance 
for any untrained 
reader to misin- 
terpret a chart 
made by the gen- 
eral method used 
in Fig. 93. 

Fig. 94 is essentially a chart relating to index numbers. The 
vertical scale, instead of being shown with 100 per cent to represent 
unity, has zero placed opposite the line representing unity. The chart 
does not clearly point out that the curve drawn above the zero or 
unity line represents increases in revenues and not total revenues. 
A much greater fault with the chart, however, is found in the fact 
that the chart compares the operation of a railroad in different years 
by using the year 1908 as unity. 1908 was a panic year, with verj' 
serious business dejjression affecting railroad? even more than some 




Fig. 93. Fluctuatloa in the Price of Eggs in the United 
States as Compared with the Average of the Monthly 
Figures for the Preceding Four Years 

TTie Go^'emment Crop Reporlcr U intended to be of service to (armtra. 
.Any churls ineludcd should be as eleur as it is possible to make them. 
The illiutratioD above is subiuitted only 
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of the industrial companies. All the years following 1908 are likely 
to show a greatly increased volume of business in practically any field 
of commerce or industry. Because 1908 was selected as unity in Fig. 
94, the reader would be justified in feeling that the increased amount 

aoa ms_ isio im ,3ii o^ revenue in the years 

following 1908 might 
have come solely from 
the improvement in 
general business condi- 
tions, without any as- 
sistance whatever from 
ability in managing the 
railroad. If the better- 
ment in the general 
prosperity of the coun- 
M.M try were great enough, 
it might even be pos- 
sible to show in Fig. 94 
a large increase in oper- 
ating revenue due only 
to the general improve- 
Fig. 94. Improvement in Economy of Operation of ment in business con- 
, *^:?!^!'l!^'^'l.^'^?if*!f^''^.\'!,'?.. ditions and in spite of 

It will be noticed from the upper left-band comer of the chart tn«t rv • 

the year IMS is taken ns unity. IMS was a year of gn«t busincM rcduCcd efficiency in 
depression. As buaineas conditiona naturally improved in the , . f •■.- 

years following 190H. there could be a legitimate quealion in the the OpCratlOU OI tniS 

reader's mind whether the better showing of the railroad is due to ;„ j;,,; J,,„I „„;l_„„ J „„_ 

better management or to the increase & the general prosperity mdlVldUal raillOad, COU- 

of the country sidered per se. It is 

not intended here to cast any reflections upon the managing ability 
on the railroad in question. The only object in mentioning the matter 
at all is to point out the fact that the use of the year 1908 as unity 
puts the road unnecessarily under suspicion of attempting to mislead 
the public. 

In any chart where index numbers are used the greatest care 
should be taken to select as unity a set of conditions thoroughly typical 
and representative. It is frequently best to take as unity the average 
of a series of years immediately preceding the years for which a study 
is to be made. The series of years averaged to represent unity should, 
if possible, be so selected that they will include one full cycle or wave 
of fluctuation. If one complete cycle involves too many years, then 
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the years selected as unity should be taken in equal number on either 
side of a year which represents most nearly the normal condition. 

Fig. 95 is an illustration reduced in size from a large chart 10 by 14 
inches. The chart is of especial interest because it is one of a series 
of several hundred charts submitted to the board of arbitration in 
the concerted wage movement in the eastern territorj- by the Order 
of Railroad Conductors and Brotherhood of Railroad Trainmen in 
1913. These charts cover practically all phases of railroad operation 
and give in condensed form a tremendous quantity of information. 

RELATIVE RETAIL PRICES OF FOOD: SWPLE AND WEIGHTED /WERWES-UNITED STATES 
leoo-isis 




Pig. 95. Relative Retail Prices of Fifteen Principal Articles of Food in the United 

States, 1890 to 1912, by Simple Averages and by Weighted Averages. Average 

Prices for the Years 1S90 to 1899, Inclusive, Were Taken as 100 Per Cent 

the solid line showa ordin&ry Bvera^ of the prices for esi-h year mnsidered. Id order to get the data for 

the (lotted Ibc. estimuti'!! were (^irfully made uf the average consumption in norkingmea'a families 

of each of the fiftem various articlea of food. The food prices were then "weighted" in proportion to 

the quantities uf each kind sctiuilly consumed and the averages shown by the ilotled line were obtained. 

The prices of foods to the workmen did not increase as much as the simple averages shown by the solid 

line would indicate 

There is such a great quantity of data arranged in convenient form 
for reference, it seems likely that a person wishing to study railroad 
operation could obtain more insight into present-day railroad condi- 
tions by two-hours' study of this series of charts than he could pos- 
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sibly obtain by two months of reading the reports of transportation 
companies and the pages of railway journals, and of asking questions 
from railroad executives. 

A heavy line in Fig. 95 shows the relative average prices of fifteen 
articles of food used in w^orkmen's families. Since the fifteen articles 
of food are not consumed in equal quantities, or in equal value, it was 
necessary to take into account the actual quantity or value used of 
each kind of food. This was done by the method usually designated 
by the name "weighted averages". It is obviously of less importance 
to the workingman if the price of salt should increase 500 per cent 
than if the price of bread or meat should increase 50 per cent. When 
the fifteen articles of food are considered by simple averages, all foods 
are considered as though used in equal quantities and a very great 
increase in the value of some one food would seriously aflfect the simple 
average even though that food is consumed in only small quantity. 
By weighted averages the actual price of any food is multipUed by 
the budget percentage figure showing the percentage of that food 
used. The products resulting from the multiplication are added for 
each year, and the totals or averages are compared on a percentage 
basis to give a corrected comparison by weighted averages of food 
prices in diflferent years. The weighted averages represent more 
accurately than simple averages the increases in food prices as they 
really aflfect the pocketbook of the workingman. It will be seen at 
the right of Fig. 95 that the heavy Une for simple averages is consider- 
ably higher than the dotted line representing the weighted averages. 
This shows the amount of error which w^ould have resulted in this 
particular study if only simple averages had been used for comparison 
instead of weighted averages. Weighted averages are of very great 
importance in most studies relating to the cost of living, and they 
could be used in other work much more widely than at present if their 
importance and utility were more generally understood. It is un- 
fortunate that in Fig. 95 the term "relative prices" is used in the 
lower portion of the chart as the key for the dotted line. The simple 
averages show relative prices also and the term "relative prices" 
means practically nothing. The dotted line could more properly be 
referred to by the term "weighted averages" as used in the title at 
the top of the chart. 

Fig. 96 is an example of a type of chart which can be of great 
assistance to the chief executive of any cori)oration having a business 
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seriously aflfected by the ups and downs in financial conditions af- 
fecting the country as a whole. In this chart, a study has been made 
of supply and demand in the hope of getting some basis for prediction 
in regard to periods of financial depression. The various factors 
which might aflfect prosperity in steel construction work are assembled 
here on one chart so that the whole situation may be studied con- 
veniently and thoroughly. In a chart of this kind some estimates 
and approximations must be made because it is usually impossible 
to obtain accurate data to the extent desired. For work of this nature 
it will ordinarily be found that a little "horse-sense", used in making 
estimates for missing data, w^ll permit the construction of a chart 
giving an astonishingly large number of suggestions useful in deter- 
mining the policy of a business, so that expansion and contraction 
may be in harmony with the basic financial conditions of the country. 



Chapter VII 
COMPARISON OF CURVES 

THERE are many men who from long experience have become 
so skillful that they can glance down a column of figures and 
obtain quickly a good idea as to the high points and the low 
points shown by the figures taken as a whole. WTien it comes to 
considering two or three columns of figures simultaneously to see 
whether there is a similarity in the fluctuations shown by the various 
sets of figures, the number of men who can intelligently grasp the 
facts presented are rather few. It is in just such problems as these; 
where a number of different sets of data must be compared, that curves 
have tremendous advantage over presentation by columns of figures. 
A man must be almost a genius to grasp quickly the facts contained 
in several parallel columns of figures, yet anyone of average intelligence 
can interpret correctly a chart which has been properly made for the 
presentation of curves. Though there are numerous convenient meth- 
ods which are useful in comparing curves, we can take up here only 
the few of those which are likely to be of most frequent use to the 
average reader. 

Fig. 97 brings out the facts of its subject matter with splendid 
clearness. There are relatively few men who could interpret quickly 
the data for this chart, if the data were shown to them only as two 
separate columns of figures. When a chart like that shown in Fig. 97 
is used, no mental effort is required to get at the gist of the matter, 
and the facts can be obtained much more rapidly than would ever 
be possible by observing columns of figures alone. 

A chart like that used in Fig. 97 can be prepared from tabulated 
figures by any ordinary draftsman in less than one hour of work. 
The cost of making a line cut is probably no more than the cost 
of setting the type if the data are to be shown by tabulated fig- 
ures. The space required for a chart like Fig. 97 is very little 
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more than would be required for the tabulated figures, and if there 
is any serious hmitation on space. Fig. 97 could be much re- 
duced in size without detracting from its clearness. 

Health-department 
reports are not usu- 
ally of interest to the 
layman. Yet health- 
department reports, 
well presented, may 
be of as much popular 
interest as a well- 
written magazine ar- 
ticle. Fig. 98 is taken 
from a commendable 
report by the health 
department of the 
city of Boston. In 

Fig. 97. Number of Telepho^ Mes^'^M Si^lto^ur ^h^ '■^P«'^ '^self, dif- 
fer One Day in a Business District in New York City ferent colors of ink 
as Compared with a Residence District ^^^ ^^^ f^^J. ^^^^ 

Solid line, the "BroHd" cichange—a typical biuiness exchange , . , 

Dotted line, tbc "Rivtrside" eichange— a tj-pical residence exchange VariOUS CUFVeS, With 

Note the great number of business calls after mHil has been opened in ii,„ affar-t r\t amr,\\a 

the morning and after return from lunoh. In the residence district ^"^ enect OI Lmpna- 

there is much morning shopping by telephone sizing the COUtrast. 

Though the colored inks assisted in catching the eye of the reader, 
the chart with curves designated by letters is usually sufficient for 
all practical purposes whenever the curves do not cross over each 
other in such manner as to be confusing. As mentioned elsewhere, 
a certain slope of a curve plotted on rectangular co-ordinate paper 
does not in itself indicate a greater or less amount of increase or de- 
crease than holds true for some other cur\'e having a different slope. 
The slope of a curve plotted on paper with ordinarj' conardinate ruling 
depends largely on whether the data of the curve are in large figures, 
so as to bring the curve near the top of the chart, or in small figures, 
bringing the curve near the bottom of the chart. In Fig. 98 the fact 
that curve A slopes more than curve C is due to the fact that curve A 
is placed higher on the vertical scale of the chart than curve C. A 
little study will show that the reduction in mortality portrayed by 
curve A is much less on a percentage basis than that depicted by 
curve C, yet curve A has the steeper slope. The slope of these two 
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curves can best be compared if a pencil line is drawn in such maimer 
that the peaks above Uie pencil line are approximately equal to the 
valleys below the pencil line for each curve. 

Fig. 99 contains some interesting information. Though the chart 
proves fairly well the close dependence of the price of cast-iron pipe 
upon the price of the pig iron from which it is made, the chart is never- 
theless misleading in that the first glance would indicate a much 
greater fluctuation in the price of pig iron than actually occurred. 




lA DepoTimaii. Can 0/ Botion 

Fig. 98. Deaths in Boston of Children under Five Years of 
Age, under One Year, and from Five of the Principal 
Infectious Diseases, Expressed as a Percentage of the 
Total MortaUtf 

Curve A. Deaths ot childreo under five years of age as a percentage of 

the total mortality 
Cur\'e B. Deaths uf children under one year as a percentage of the total 

mortalitv 
Curve C. Deaths trora Diphtheria. Searlet Fever. Measles, Tj-phoid Fever 

and Smallpox as a percentage of the total mortality 
Note that Curve A snows a much steeper slope than Curi'e C, vet Cur\-e C 

drops in 1010 to leas than half the Bgure for 1871. CurAcs plotted by 

reetangular co-urdinates shuultl nut be compared by the slope of the 

different curve lines 

The reader is apt to overlook the fact that the vertical scale of the 
chart does not extend below $11 per ton. He is quite likely to 
think that the price of pig iron had all the rapid fluctuations which 
would be indicated by the changing vertical distances between the 
pig-iron curve and the bottom hne of the chart itself. The amount 
of fluctuation would look much less if the chart extended to the zero 
line of the vertical scale. 
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There Is probably a fallacy 
in Fig. 100 because of the rise 
in the general standard of liv- 
ing between 1901 and 1906. It 
is not fair to the 1901 Princeton 
men to expect that they would 
earn as much immediately after 
graduation as men who gradu- 
ated in a period of time several 
years later. In addition to this 
there is probably another serious 
fallacy which affects all three 
curves shown on the chart. The 
income figures from which the 
curves are plotted may not all 
be shown on the same basis. 
Men working on a salary have 
as net cash all the money they 
receive. Men in professions such 
as law, medicine, etc., where 
office rent and other expenses 
are likely to be very heavy, 
may report, as earnings, the 
total amount of money received 
without making corrections for 
the expenses of conducting their 
business. In other words, they 
may very possibly in this case re- 
port gross income instead of net 
income. Such procedure might 
tend to make the cur\'es for 
average income considerably 
higher than they would other- 
wise be. 

Complex charts made up of 
groups of bars as seen in Fig. 
101 are much more common 
than they should be. This type 
of chart is very annoying to 
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read because it is difficult for the eye to follow, through the whole 
series, the bars representing any one set of facts which may be of 
special interest. The bar method is in itself a simple one, but 
when the bars are combined in the manner shown in Fig. 101 the 
presentation becomes really more complex than if the data were shown 
in the form of curves. 

Fig. 102 certainly brings out the information of Fig. 101 in much 
better form than any in which it is possible to show it by any com- 
bination of bars either vertical or horizontal. The person who is 
just beginning to chart data ^^^\ 
which he has used formerlv 
in tabulated form is often «ooo 
surprised to find how many 
inconsistencies exist in the 
data and how manv diflferent 
things there are >4ich must 
be allowed for bv some 
method of estimate. In Fig. 
102 the data for the United 
Kingdom are expressed in 
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net tons, and for the United Fig. loo. Comparison of the Earnings for Five 
States in gross tons. Though Years after Graduation of the Yale University 
c^^^r. ^^««.v^f ;^^ .xf +1,^ 4?^^,^o Academic Department Class of ioo6, the 

some correction of the forms y^^ gj^^gj^j^ Scientific School Class of ^906, 

of the curves as they appear and the Princeton University Class of 1901 

in this chart would of l^*^*^ *^ * fallacy in making this comparison. The standard of 

living undoubtedly went up between 1001 and 1906 

course have to be made to 

get a true comparison of the shipping of the twp countries, for our 
purpose the thing of greatest interest is the general tendency of ship- 
ping in the two countries. This we can study fairly well from the 
general shape of the different curves, even though the curves cannot 
strictly be compared with each other in so far as total quantities are 
concerned. 

Fig. 103 shows a convenient method for determining what fluctua- 
tions in the different months of the year are typical for any subject 
being studied. Instead of plotting one continuous curve by months 
for a long series of years to a rather small horizontal scale, a large 
horizontal scale is used and a separate curve is drawn for each year. 
The curves for different years are placed one above the other, so that 
any fluctuations which appear in the same months year after year 
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J Tonnage enqagKl in Domestic Trade 
Amounts in tKousanda of tons 

Grosstonnage given f<n- United States 
Net tonnaije given for United Kinqdom 



will be apparent from the similarity in the shape of the curves for 
the different years. 

In order to use a fairly large vertical scale so as to make the fluc- 
tuations stand out clearly, it was necessary to avoid entirely the 
zero lines for the curves plotted in Fig. 103. The omission of the zero 
U«H Tonnage engaged in Foreign Trade lines may cause the fluctuations 
from month to month to appear 
greater than their true size would 
warrant. It is sometimes possible 
to plot a chart on the general 
scheme of Fig. 103 so as to use zero 
lines, but many times it will be 
found that the zero lines cannot 
be used without adding confusion. 
Though it would be preferable to 
have the zero lines included, the 
gain due to the arrangement of 
the curves as shown here for 
comparative purposes is great 
enough to offset the disadvantage 
of not having the zero lines on the 
chart. 

The zinc plate for Fig. 103 was 
prepared directly from typewritten 
copy, with no handwork involved 
except to make heavier some of 
the green background lines and to 
draw the actual curves themselves. 
■^-MsrchSr^STgl^" al°uLSS Notice in Fig. 103 that the month 
Kingdom with that of the United at the left of the chart is December, 
States. Gross Tonnage is Given for ^nd that the point plotted in each 
the United States and Net Tonnage - ^^ , i . » • 

for the United Kingdom case for December at the left is ex- 

The chart is arransed bai^kwards in that it reads actly the SaniC aS the point plotted 
from right tu left. At first sight one thinks r >i_ 11 i i ■. i.i_ 

everythmg is growing smaller instead of laraer. fOF the Uecembcr sllOWn at the 

S''2SS^dS^r'',„'^;d.o'?"k right of the preceding curve. By 
*'"ie- '<>* repeating the last month of each 

curve in this manner, the interpretation of the curves is much sim- 
plified so that the reader can see at once what has been the tendency 
of the curve from December to January each year. If the December 
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point were not represented at the left, it would be necessary for the 
reader to glance several times from the left-hand end of one curve 
to the right-hand end of the preceding curve to determine in his own 
mind just what changes had occurred from December to January 
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1650 1860 1870 1880 1890 1900 

Fig. 102. Comparison since 1850 of the Merchant Ton- 
nage of the United Kingdom with that of the United 
States 

GiXMs tonnage is given for the United States and net tonnage for the 
I'nittHl Kingdom. Solid -lines Unitwl States, dotted lines United 
Kingdom. The **totid" figures are not strictly c«»mparuble lK»cause 
of the differenct* in n^gistration method. The gt»n€»rul tendencies 
of the curves are instructive, however. Note the nniuction in the 
foH'ign tnule of Unite<l States since the Civil War and the steadily 
increasing foreign tra<le of the United Kingdom 

at the end of each year. The repetition of the point for the last month 
in each year saves lime to the reader and also insures against errors 
which might otherwise occur in the interpretation of the chart. 

In Fig. 104 lliree distinct subjects are compared on one cliart 
and, at the same time, the data for each subject are shown for three 
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Dam of J. J. Hlumm. Jr., Indianapaiu DepnTimtni of Fuuu Ucaun 

Fig. 103. Monthly Averages of Butteifat Contained in Milk on the Indianapolis 
Markiet, i(>o6 to 1915. The Curves Represent Averages from Several Hundred 
Samples each Month 

In order to find what fluFtuationtf are typical for various months of the year, it b convenient to cliart the 
data as seen here n-ith curves tor different years one above the other. Definite peaka in April and in 
Ortot>eT or November arc seen at once. This chart is drawn on the same universal co-ordinate paper 
shrmn also in Fig, 57, Pig. 130, Fig. 134 and Fig. 156 
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Compfirative Monthly Earnings and Expenses Per Mile ct Road 

Frank Ilalgh Dixon, in the Railway Age Ciaztiu 

Fig. 104. Comparative Monthly Earnings and Expenses per Mile of Road of Steam 
Railroads in the United States Having Annual Operating Revenues of Si)000,ooo 
or More 

It is fn.'quently convenient to siiperiinposo curves for successive years, so that seasonal similarities and definite 
increases or decreases may Ik' ac<'!irately studie<i. Compare this chart with Fig. KW and also with Fig. 
2()4. It wouhi 1h' lK»tter if the heavy line lH)nler around the e<Ige of this chart were omitte<I. The 
heavy line at the iMittom does not coincide with the zero line and the reader may 1k' misleil by reading 
the cluirt fnuii the l>order line 



different years so that eomparisons })etween these different years are 
easily made. This sehenie of superimposing eurves for different years 
is a very eommon one that frecjuently gives an arrangement more 
convenient than eould otherwise be obtained. It will be noticed 
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_| Compariaon of Electrical Output and Coal Consumption for Dec. 1912 
J and Dec. 1911, in Plant of Acker, Merrall & Condit Co. Building. 
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1%. 105. Comparison of Daily Electrical Output and Daily Coal Consumption of a 
Power Plant for the Same Month in Two Succeeding Years 

There is a relatively araa]] quantity of power needed on Sundays. In order lo roalte possible a comparison 
of the two curves for different years thr horizontal scales for days were so placed that the Sundays would 
coincide. With curves thus arranged, the low points caused by Christmas do not fall on the some vertical 
line, since Christmas is fixed by the day of the month instead at by the day of the week 
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in this chart that the December points have not been repeated at the 
left and the reader is«lorced to glance between left and right in order 
to make certain in his own mind just what changes occurred from 
December to January each year. It can be seen that the January 
figures for "Operating Revenues" are all considerably lower than 
the December figures, but even so the reader has no clear idea of 
the slope of the lines which would be most typical to portray the 
changes from De- 
cember to Januarj' 
in each year. This 
question of repeat- 
ing one point for 
curves of different 




years superimposed 
is referred to also in 
. Chapter XIII, Fig. 
204. 

Fig. 105, Fig. 106, 
and Fig. 107 are self- 
explanatory. They 
show some interest- 
ing applications of 
curves to special 
problems, and dem- 
onstrate the great 
convenience which 
might result if curves 
could be more generally used for presenting every-day facts to non- 
technical readers. 

In Fig. 108 we see the apphcation of curves to the kind of data 
of which it would be extremely difficult to give a clear understanding 
if only columns of figures were available in the presentation. With 
these two curves we are not so much interested in the total height 
of the peak as in the general shape of the curve on either side of the 
peak, showing whether there are any laws of uniformity in the increase 
of the flood level and in the si>eed with which the flood subsided. The 
two curves in Fig. 108 are quite different in their shape, although they 
were taken for the same period of time in districts not widely sepa- 
rated. The size and general character of different water-sheds have 



ittdiainai BnftiHtnitf 

Fig. io6. Average Temperature at Pittsburgh, Pa., for 
Each Hour in the Day for Different Months in the 
Year. Plotted for MoBthlj Averages of Twenty- 
Years Observations (i8(>i-i()io) of the United 
States Weather Bureau 

It would be impoBaible, using only columns of Gpiiea, to put this informa- 
tion in such Fimvciiimt (orm for reference and comparison. The 
broad horizontal line at 10 dcfpces on the vertical »c«le ot this chart 
and of Fig. lOT is unfortunate since that line has no special significance 
for persons reading the chart 



118 



GRAPHIC METHODS 



a great effect on the nature of the floods which may result from any 
definite rainfall. 

In Fig. 109 also we are particularly interested in comparing the 
shape of the curves for the distinctly different materials under con- 
sideration. Here the cur\'es represent reactions affected by the defi- 
nite laws of physics, and we can join the plotted points resulting from 
different obser\^ations so as to get smooth curves. Work in engineer- 
ing, physics, and chemistry depends verj' largely on the interpre- 
tation of smooth curves like these, and world progress would be 
greatly retarded if the graphic method were not available to assist 
in preserving and interpreting the results of elaborate experiment and 

voluminous research. 
In selecting a 
scale for Fig. 110 the 
draftsman is torn be- 
tween a desire to 
show the San Fran- 
cisco fire peak at its 
correct height, and 
an opposing desire to 
show on a large scale 
the data for a whole 
series of years so 
that the fluctuations 
from month to 
month maybe clearly 
defined. It seemed 
best to cut off the 
top of the San Fran- 
cisco peak so as to 
show the montlily 
data on a scale large 
enough to assure 
clearness. To get the correct slope for the two sides of the San Fran- 
cisco peak, a piece of paper was laid down adjoining the chart and a point 
was located in the correct position for the top of the San Francisco 
peak. The sides of the peak were then drawn so that they would 
meet at that point if extended. Even though the figures for the San 
Francisco peak are given at the top of the chart where the peak is 
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Fig. 107. Mean Temperatures for Each Month in the Year 

at Different Cities. Plotted from Records of the 

United States Signal Service and of Blodgett's 

Climatology of the United States 

lufunnation for eight difterent cities is so jjiven that comparisotu are 

easily made Note the different lines used here instead of eolors. 

Sini« Pittsburgh whs the citv under prime ninsideration. the I^tls- 

burgh line was made heavy that it miftht be most eleariy seen. This 

rhaK tcives a great amount of data in smaller space than would be 

required tu show the facts by any method other than the use of curves 
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broken off, most readers will not imagine correctly the great height 
to which that peak would extend if it were shown in full. The chart 
could have been greatly improved if the upper portion of the peak 
had been drawn in full size horizontally as though hinged near the 
upper margin of the drawing. Since the full height of the peak is 
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Fig. io8. Comparison of Flood Rise in Two Rivers in New York State During the 
Roods of March, 1913 

In the preceding illustrations of this chapter there has been sueh similarity in the shape of thr curvrs ron- 
sidered that they were superimposed tor comparison. Here the curves areot different shape and they are 
shown in separate fields so that the contrast may be more strikinjt. The chart at the left should have 
had the zero line shown. It Is dsugerous to base conclusions on the comparison of two euri'es unless 
the zero lines are shown in each case 
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Fig. 109. Comparison of Different Kinds of Steel Containing 0.2 per cent Carbon, as 
shown by Tensile Tests on Specunens 100 mm. long and 13.8 mm. diameter. The 
Vertical Scale Represents Thousands of Pounds per Square Inch and also Per- 
centage of Contraction or Elongation 

The heavy line shows ultimate strength 

The dash line shows elastic limit 

The dash-dot line shows percrntage contraction 

The lif^t line shoe's percentage elongation 

In this chart the thing <rf greatest interest is the contrast seen by rampariog the shapes of the curves for 
different steels. Though it is best to have curves of such distinct shape plotted in separate fields, it 
is ordinarily most coovenient to have the fields themselves placed vertically instead of hurizuntally 
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almost three times the height of the portion shown on this illustration, 
it would be necessary to make two other hinges in the horizontal 
extension so that the peak could be bent downward and turned back- 
ward from right to left, giving something of a spiral effect. Though 
this bent peak may seem rather artificial, it is quite certain that the 




1903 I90 4 I905 190e 1S0 7 190B 1909 
I — I New Building H Fire Losses 

Note- values ore given in Millions of Dollars 

AAapad from Arliclf ty Ro^r? W. Bobttm (n tSt Sew VBrk TlJiua 

Fig. III. Yearly Value of New Building Constructioii and Yearly Value of Buildings 
Destroyed by Fire in the United States, 1901 to 1911, Inclusive 

With thb smngPiDeDt. the perrentAge value destroyed by fin: can he sern mote readily than from the 
arrangement used in Fig. 110. The flui^iiation from month to month eannot. however, be seen here. 
If both charts are used, they supplement each other verj- well. Remember that for these two charts 
the buildings destroyed are not neeessarily the new buildings whose \-alue is given. The black ares 
representji only the value of buildings destroyed whether new or old. Note the Ben Day shading 
on the upper ends of the bars and the figures for the data from which the chart was made 
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tapering form of the horizontal extension of the peak would -be under- 
stood by even the untrained reader, much more certainly than the 
chart as shown here with only the figures to indicate the tiiW extent of the 
loss which occurred in the San Francisco £re. 

"While Fig. 110 
gives some general 
idea of the propor- 
tion which American 
fire losses bear to 
the value of new 
building construc- 
tion, the two fluctu- 
ating curves make it 
difficult for the reader 
to make an estimate 
of the percentage 
losses year by year. 

Fig. Ill supplements p m nn,. Mord.,.w.n^hi».i» 

J<ig. 110, and gives jj^, ,,, Record of Test of a Steam Turbiae of lO, 
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Kw. Nomul Rating at Plant of City Electric Com- 
pany, San Francisco, California 

The different ciin'es showD in Uiia rhart supplement each oth^r so as 
to give all the data od one chart in compact form. The scale fur 
each ciirve given at the left is only sufficient to show the maximum 
and minimum value for each curve. The Eero lines have beeo 
omitted entirely. Though charts of this type irith numerous curves 
are sometimes desirable, they must !« carefully made or the reader 
will be misled by the fluctuations <A some 
prominently than the data would justify 



appearing it 



for each year the 
total values for new 
building construction 
and the total values 
of buildings de- 
stroyed by fire. Here 
the percentages of 
the fire loss are quite obvious when judged by the extent to 
which the black ink covers the shaded bar representing new build- 
ing construction. Figures are given in each case for the reader 
who may care to work out the actual percentage ratios. It must 
not be assumed from the titles of Fig. 110 and Fig. Ill that the 
buildings destroyed by fire are the same buildings whose value is re- 
corded in the charts as "new building construction." The rapid 
advance in the use of fireproof materials makes it likely that the fire 
losses were more largely from older buildings, built by methods which 
gave a structure less fireproof than the average for buildings put up 
in recent years. 

Fig. 114 shows an error in cur\^e plotting into which it is very 
easy for an inexperienced person to slip. One vertical scale is relatively 
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larger than the other, and on that account the curves have been 
made to coincide more closely than they would have done if both 
scales had the same zero line. In making comparisons of this kind 
care must be used to have the -two scales start from the same zero 
Hne, or the person presenting the charts will be open to the unpleasant 
suspicion of attempting to "fake." 

If the reader cares to see how these two curves would contrast if 
properly plotted, the left-hand scale for "corn yield" can be changed 
so that the different horizontal lines will be represented by the figures 
0, 7, 14, 21, 28, etc. The data for "com yield" can then be plotted 
to the new scale, and it will be found that the new curve does not 
coincide with the "rainfall" curve as closely as does the "corn- 
yield" curve shown in Fig. 114. Though there is some similarity in 
the shape of curves correctly plotted from these data, the similarity 
is not nearly so exact as Fig. 114 would indicate. 
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^. 113. Records of Freight-Train Operfttion on a Large Eastern Railroad 
Here, as in Fig. IH, the wro linea are not given and the reader must n-ateh the left-hand srales rarefullv 

to study pcrcenlsgc fluotiiatioo. Compariaon between eurvea cannot lie made a'TUrately by judRing 

from the slope or from the t<ilnl fluctualion uf the curves on the page. PeiventflRe increases or decreases 

for one curve compared with percentage increases or decreases of other curves give llie best basis tor 

comparison 
Curves well made ordtruriJy need no embellishment. .Anything used for ai 

ly to the subject matter of the curves. Here the subject is freight-trai 

Uie interior of a passenger train 
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Fig. 115 gives a good example of a total curve made by adding the 
figures for different curves. Instead of using addition to get a set 
of figures from which a total curve may be plotted, it is easier in most 
cases to get the location of the total curve by the graphic method. 
All that is necessary is to lay off, with draftsman's dividers, successively 
on each vertical line, the height above zero at which each of the dif- 
ferent curves intersects that vertical line. The totaling curve is 
drawn through the points thus found. When there are not too many 
curves, this method answers admirably. It sometimes happens that 
actual observations for the data of different curves are not simul- 
taneously taken and, for this reason, it may be impossible to add 
the actual numerical data so as to plot a total curve. In such cases, 
9 ^^ the graphic method 

* i| of stepping off the 

I gr height for the total 

curve is practically 
the only one avail- 
able. After each of 
the separate curves 
has been plotted 
from such data as 
may exist, it is a very 
simple matter by the 
graphic method to 
locate the total curve 
from the separate 
curves. A sufficient 
number of vertical 
lines are used to 
bring the points on 
the total curve close 
enough together to 
represent fairly the 
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Kg. 114. Chart to Show the Dependence of Com Yield 
upon the Quantity of Rainffdl during the Mondi ot 
July. The Yield of Com is Given in Bushels per Acre 

This chart U mialoading. The close similarity of the two curves has 

be<Ti ublained by plotting one <ur\c iin a larger scale than that used Hntn nt thi» •scnnrntp 

for the other cur^e. The minlall cun-e has been plotted with the "^"-^ "' '""^ Separate 

bottom of the chart as zero. The corn-yield curve is, however, dmwn cUrVCS which are 

with the scale starting at twelve. , 

totaled. 
In plotting curves relating to prices, it frequently happens that 
there is a necessity for showing in the chart both the upper and lower 
limits to which the prices may fluctuate in any given period of time. 
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Fig. 115. T^ical Curves Showing the Twenty-Four Hour Demand for Electricity 
during tiie Summer Months in Various Types of Buildings in New York CiQr 

Curve D ihows the fluctuatioD^ in the lottd on a power house suppljiing all of the buildinga represented by 
curves A, B, C, E and F. By combining loads of different typea. Uic power plant can te kept more con- 
tinuously busy than othenrise passible. After the other curves are all plotted, curve D can easily be 
located by stepping, off with draftsmen's dividers on each vertical line the heights of all the different 
curves at that particular line 

This is especially true where curves are plotted showing the fluctuations 
in the market prices of stocks or bonds. In such cases, it is desirable 
to plot two curves, one showing the niininiuni prices and the other 
showing the maximum prices. \Mien the two curves lie quite closely 
together, it frequently assists in the clearness of the chart if the co- 
ordinate lines are erased between the two adjacent curves. The erasing 
of the co-ordinate lines makes the curves stand out much more dis- 
tinctly than they otherwise would. 

Charts on the general type of Fig. 116 are valuable to give a vivid 
comparison. A chart of this kind would be especially striking if used 
in advertising, or in a report where concentration upon only one gen- 
eral idea was needed, without a great amount of specific detail. Though 
Fig. 116 shows that telephone rates have had a constantly downward 
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Fig. ii6. Chicago Telephone Rates per Year Compared 
with the Number of Telephones in Use in Chicago 

It is the ubject in thia ch^rt to shon' tliat the rates have been eonaistently 
reduced as tlie number o( telephones has increased. The curves 
shonn earlier in this chapter have varied directly, usually guiag up 
or duwn simultaneously. Here we have an inverse relation, with one 
curve coming down as the other goes up 



trend as the numbCT of telephones in use has increased, there is, 
after all, no real proof in the chart that the rates have decreased 
in proportion to the increase in the number of telephones in use. 
Fig. 116 stimulates interest and makes one wish to plot another 

chart in which the 
numberof telephones 
in use would be the 
horizontal scale and 
the average rate paid 
would be the vertical 
scale, somewhat on 
the general scheme 
of Fig. 119. The 
plotted points for 
different years on a 
chart of the kind 
suggested would 
show by the arrange- 
ment of the points whether the prices had changed exactly in accord- 
ance with the number of telephones in use. 

Fig. 117 has been very carelessly drawn in that the two curves 
do not have their vertical scales start at the same zero line. The 
zeros for each of these scales are so close to the curves as drawn that 
it would have been a very simple matter to have made one zero line 
for both scales at the bottom line of the chart itself. The adverse 
criticisms of Fig. 114 may be applied to this chart also. 

Though the two curves in Fig. 117 seem to show some inverse 
relation, since one curve frequently goes up when the other curve comes 
down, the chart does not permit any measurement by which the degree 
of correlation can be determined. The student who wishes to experi- 
ment with this interesting set of data would do well to make an en- 
tirely new chart with the two curves plotted from one zero line. After 
this first chart has been made, a second chart can be drawn in which 
the "Price" curve would be plotted exactly as in the first chart. The 
curve for the number of barrels of "Exports" should, however, be plot- 
ted downward from the top of the chart, after a good position has been 
selected for the lop of the chart so that the "Exports" cur\'e plotted 
downward from the top would coincide as nearly as possible with tlie 
"Price" curve plotted upward from the bottom. The scales for the 
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curves in the second chart should be the same as those for the first 
chart, so that there may be no "faking" in any similarity which 
may show up in the shapes of the two curves. It frequently happens 
that the relations between two curves are such that the most striking 
presentation can be obtained by plotting one curve upside down so 
as to bring the two curves as closely into coincidence as possible, 
and the scheme should be kept in mind as it is frequently of assistance 
in making facts stand out vividly. 
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Fig. 117. Exports of Apples from the United States as Compared with the Average 
Wholesale Price in the TToited States 

A little inspection shows that the enport curve usually goes up when the price eur\-e comes down. Though 
this fart indicates an inverse relaticm between the two cu^^■es under considcratifm it doi'S not give 
satisfactory proof that exports fluctuate relatively an much ns price. 

This chart a likely to mislead the reader because the two vertical scales do not have the same zero line- 
Curves compared in this manner without having a common zero line should always be distrusted 

Another interesting study can be made from Fig. 117 by drawing 
a chart with "Price" as the horizontal scale and quantity of "Exports" 
as the vertical scale. Dots for the different years placed on such a 
chart, after the general manner of Fig. 119, will -appear so widely 
scattered over the whole field that the reader will find it almost hope- 
less to draw any general conclusion from the arrangement of the 
dots. Though the dots indicate by their position a general tendency 
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tor expwrts to decrease as prices increase, there would seem to be 
so many complex factors entering into the relation that no very gen- 
eral law of dependence can be proved. 

It can be seen from inspection that the relations existing between 
the two curves of Fig. 118 are much closer than exist between the 
two curves of Fig. 117. It is unfortunate that in Fig. 118, as well 
as in Fig. 117, the chart was carelessly prepared so that the two curves 
do not have the same zero line. 
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Kg. ii8. The Average Price of Apples in the United States as Compared with the 
Total Supply 

Here af^in &n inverse relation is indicated, but the chart haa carelessly been made with the two vertical 
scales starting from separate lero lines so as to cause distrust by the reader. The chart is printed show- 
ing a finely ruled co.ordinate background, though only every tenth line ia desirable for the reader. The 
use o( more lines than necessary should be avoided as it tends to cause confusion. See Fig. 1 19 aa 
another method of charting tbe same data 

In order to determine just how closely the price of apples depends 
upon the supply. Fig. 119 was prepared from the data of Fig. 118. 
Though the dots in Fig. 119 represent a rather long series of years, 
they nevertheless have a fairly symmetrical arrangement and the 
general tendency might, be approximated by a smooth curve drawn 
as shown. It must be remembered that there are many conditions 
which may affect the position of these dots on the chart. For one thing. 
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the standard of living has very greatly changed in the period of time 
from 1895 to 1912. Prices in recent years might be expected to be 
considerably higher than in the earlier years, without any regard to 
the size of the apple crop. Besides this, numerous diseases have 
affected apple trees in recent years, requiring more care than formerly 
to produce good fruit. This would also have some tendency to raise 
prices in spite of the tremendous number of apple trees which have 

come into bearing in the 
later portion of the period 
of time under consideration. 
The general method of plot- 
ting shown in Fig. 119 is 
of great importance and it 
should be kept in mind 
whenever two curves are 
found having similarities 
such as are seen in Fig. 
118. Other examples of this 
method of plotting to study 
annuw n Miiionsor Bbw i]^^ correlatlou of two related 

"'uX^.l.rircSSLa? X'L'\Z -bjects will be found in the 
Supply last portion of Chapter X. 

By this method, the positions of the dots on the chart show Fiff 120 Contains mUch 

whether there ts any close relation between supply and , . 

price. The dots fall in fairly regular order, proving better information foF the Studcnt 
than Fig. 118 that the price does largely depend upon the , , , --, , 

supply. A smooth curve has been df»wn to represent OI tlistory. V\ C are hcrC in- 
apprwdioBtely the general relation between supply and *„_-,i._J T»nrtir.iilnrlv i*n tliA 
price which the dots might seem to indicate. Note that terCSteO paniCUlOrly m tUe 
the year is aUted tor each dot shown rCCOrd of the United StatCS. 

That curve line has accordingly been made much heavier than any 
of the others, so that it may be brought prominently to the eye of 
the reader. By visually projecting the curves for Russia and the 
United States beyond the limits of the chart, it appears that we should 
equal Russia's population within the next few decades. It must be 
remembered in viewing this chart that the populations of the Asiatic 
countries (especially the populations of China and India) are not shown 
here. If all the countries of the world were considered, it would be 
seen at once that for many years to come there is no likelihood of the 
United States having the greatest population in the world. It is only 
because Asiatic countries have been omitted that we seem to be so 
nearly the head of the list. 
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Fig. 120. The Population of the United States Compared with the Population of 
the Principal Countries of Europe from 1800 to 1900, Inclusive 

Written wonLi requiring one hour to read could not convey as much infonnation as this chart gives. 
In considering the slope of the curve for the I'nited States it must be remembered that the slopi' of a 
curve does not indicate the percentage rate of increase or decrease. The increasing slope of the United 
States curve does not in itself prove any increase in the percentage rate of growth. Compare Fig. 121 

130 
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The reader should keep constantly in mind when viewing Fig. 120 
that the slope of a curve line crossing a field ruled with ordinary rec- 
tangular co-ordinate lines on an arithmetical scale tells nothing about 
the percentage rate of growth from period to period. The slope of 
the United States curve is very much steeper in the upper portion 
of Fig. 120 than in the lower portion, but the greater slope does not 
prove that we are growing more rapidly on a percentage basis than 
early in the century. The slope of a curve plotted on a natural scale 
of rectangular co-ordinates shows only the size of the increments added 
from period to period and it tells nothing whatever about percentage 
growth. 

Fig. 121 has been drawn to 
assist in proving the preceding 
statement regarding curve slope. 
Starting with one dollar, it was 
assumed that a uniform increase 
of 10 per cent of the accumu- 
lated amount would be made at 
the end of each year. This is the 
same as though the dollar were 
placed at 10 per cent compound 
interest. At the end of thirty-six 
years it can be seen that the one 
dollar has increased to nearly 

thirty-one dollars. Though the ^«-"^n ^Vu ^^^"^ ^^ 9"^^ 

*' , , , , ■ 1 1 " Ont Dollar at lo per cent Com- 

accumulated fund is shown by a pound Interest for Thirty-sii Years 

smooth curve throughout the Here the rate of increase U uniformly 10 per cent 

period of thirty -six years, the curve 
is constantly changing its slope in 
spite of the fact that the rate of 
increase remains constant at 10 j)er 
cent per year. The curve in Fig. "~ 

121 is very similar in shai>e to the curve for the United States in Fig. 
120. This similarity in shape shows conclusively how much the reader 
would be misled if he should assume that the increasing slope of the 
curve in Fig. 120 proved in itself an increase in the rate of growth. 
The actual percentage rate of the growth for Fig. 120 can best be stud- 
ied by making an entirely new chart for the purpose of observing 
percentage rates only. 




per year, but the slope of the curve Is constantly 
changing. Tlie gencml shape of thia curve b 
aomewhat similar tu the shape of the population 
eur^-e fur the I'niteii SUtes seen in Fig. liO. 
The slope of a curve plotted on onlinary eu- 
iinlinute |>Bp<'r tells nothing about the per- 
centage rale of growth. See Fig. Hi and Fig. 
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* The ordinary form of graphic chart plotted on rectangular co- 
ordinate paper with the natural or arithmetical spacing of the lines 
has some serious limitations which may cause a chart to be misleading. 
The true function of such a chart is to portray comparative fluctua- 
tions. This desired result is secured clearly and satisfactorily when 
the factors or quantities compared are of nearly the same value or 
volume, but analysis will show that the result is not accomplished 
when the amounts compared differ greatly in value or volume. The 
extent or degree of the fluctuation as indicated on the ordinary chart 
depends in a measure on the proximity of the curves to the top or bot- 
tom of the chart. The chart registers the actual change in the value 
rather than the ratio or percentage of change. The wider the range 
of scale the greater the variation between the actual and the relative 
changes. 

This same criticism applies to charts which employ two or more 
scales for various records or curves. If the different scales are in 
proper proportion the result is the same as with one scale, but when 
two or more scales are used which are not proportional, an indication 
which is absolutely false may be given with respect to comparative 
fluctuation. Charts made on a percentage basis are used to some 
extent in graphic w^ork, and these correct the deficiency in the ordinary 
chart by showing the changes in the percentages of increase or decrease. 
In correcting one deficiency, however, another is introduced. The 
percentage scale gives no clue to the magnitude of the quantities 
represented by a curve. The true proportions of relative changes are 
shown, but the actual values are not indicated. The use of the per- 
centage scale also requires considerable labor for computing the per- 
centages of change. 

As a substitute for the ordinary (or natural) scale and for the scale 
of percentages, as well as for compound scales, the logarithmic scale, 
or scale of ratios, practically meets all the requirements. The logarith- 
mic scale permits the exhibition of both actual and relative values 
and actual and relative fluctuations. While some knowledge of log- 
arithms will make plain certain features which otherwise are hard to 
understand, no special knowledge of higher mathematics is essential 
to the use of the logarithmic scale. The principles involved are the 
same as those embodied in the sUde rule, and any treatise on the slide 

* Portions of thu disctUBion on charU plotted by the logarithmic scale are adapted from an article by W. J. Cunningham, 
in the RaUway Age Oazette, June i5, 1909. 



COMPARISON OF CURVES 133 

rule will make them sufficiently clear. A person who can plot a chart 
to the ordinary scale should have no difficulty in using the logarithmic 
scaie* 

No matter what the location on the chart, if the logarithmic 
spacing is used on the vertical scale, for curves, the angle of the upward 
or downward inclination is the same for all curves affected by the 
same percentage of change. Curves having an increase equaling 
the distance from 100 to 200, 200 to 400, 300 to 600 (or the distance 
between any number on the scale and double that number) have an 
increase of 100 per cent and show the same slope. It will be noticed, 
for instance, from any paper ruled logarithmically, or from Fig. 123, 
that the distance on the logarithmic scale from 10 to 20 is the same 
as from 200 to 400. 

In Fig. 122, we have curves plotted for comparative study in the 
manner most convenient when ordinarj'' arithmetically ruled cross- 
section paper is used. Some of these curves represent large quantities, 
so that they are on the upper portion of the chart, while others rep- 
resent comparatively small quantities and fall near the bottom of the 
chart. 

Just because the curves in the upper portion of the chart represent 
numerically larger quantities, they have much more vertical movement 
up and down on the face of the chart than those curves in the lower 
portion of the chart which may have an even greater amount of per- 
centage fluctuation. This wide difference in the amount of vertical 
movement on a page is one unfortunate source of confusion to persons 
who are just beginning to study curve charting. 

Fig. 123 is plotted from the same data as Fig. 122, but it is on 
paper having logarithmic spacing for the vertical scale with the ordi- 
nary arithmetical spacing for the horizontal scale. With the logarith- 
mic spacing on the vertical scale the fluctuations in the different 
curves show in true proportion. Curve F appeared insignificant in 
Fig. 122 because it happened to fall near the bottom of the chart 
where percentage fluctuations are not prominently shown. In Fig. 
123, however, curve F shows up as having far the greatest percentage 
changes of any curve on the whole chart. For persons who under- 
stand even slightly the principles involved in reading charts plotted 
on logarithmic paper. Fig. 123 shows up the facts in much more con- 
venient form than Fig. 122. To make comparison most convenient, 
the two figures are placed on facing pages, 134 and 135. 
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Fig. 122. Passengers and Employees Killed and Injured 
in Train Accidents for AU Railroads in the United 
States. (From Quarterly Reports of the Interstate 
Commerce Commission) 

CurvF A. PassFDgFr miles (tOOO on sole equals 20 billioD puKnger 

Cun-e B. Ton miles (2000 un scale cquab iO billioo ton miles) 

Curve C Number of employees injured 

Curve D. Number of passengers injured 

Curve B. Number uf employees killed 

Curve F. Number of passengers killed 

Compare this chart with Fig. 1J3. The data plotted here by the or- 
dmai^ natural scale of co-ordinates arc replotted in Fig. 123. using 
loganthmic co-ordinates. Note the peak in 1904 in Cun-e D. 
Thf number of passcnfieni injured was approximately doubled in a 
short period of time, la the same period of time the number of 



killed increased to iieven times what it had been, , 
Curve F does nut attract great attention. Notice these 
Fig. Its with the logarithmic scale 



the 



It is unfortunate that there is so much difficulty in obtaining 
paper having the logarithmic ruling in one direction and the arith- 
metical ruling in the other direction. The arithmetical ruUng in one 
direction is essential for statistical work, since we must ordinarily 
plot as one scale data representing years or other subdivisions of 
time. In statistical work we cannot well use a paper having logarith- 
mic ruling in both directions, yet that is the only kind of logaritlimio 
paper which can be obtained from most stores selling drawing materials 
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Fig. 123. Passengers and Employees Killed and Injured 
in Train Accidents for All Railroads in the United 
States. (From Quarterly Reports of the Interstate 
Commerce Commission) 

Curve A. Passenger tnjiea (JOOO on scale equals 20 billion pauenger 

Curve B. Ton miles (2000 on scale cqualu 20 billion ton miles) 

Cur\'e C. Number of employees injilred 

Cun'e D. Number of passengers injured 

Curve E. Number of employees killed 

Curve F. Number of passengers killed 

This illustration is a r^lot of I^. Hi by using tlic logHrithmic^ scale in 
tbe vertical direetibn. In reading a chart in which a lu^tarithmic 
vertical scale is used, attention may be given to the slope of the curve 
lines. Curves having the same slope upwards or downwards have 
the same percentage change. Note that cur\'es with a logarithmic 
scale do not have zero fur the bottom line of the chart. It is, how- 
e^'cr, desirable to have the bottom line either at ten or some pawn 
of ten on the vertical scale 

and engineering supplies. A person doing statistical work for which 
paper with the logarithmic ruling is desirable may occasionally have to 
rule his own paper. This, however, is not an impossible task especially 
if one has a slide rule. The spacing of the lines can be copied from 
either scale of the slide rule, or it may be worked out easily to fit any 
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given space by dividing into tenths and hundredths and using tables 
of logarithms. 

It is of interest to note here that the data of Fig. 121 would show 
as a perfectly straight line if plotted on paper having the logarithmic 
ruling for the vertical scale. Since the increase from year to year is 
uniform, on a percentage basis, the points of the curve all fall on a 
straight line drawn from the first point to the last point. 
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Fig. 134, Book Value of Material on Hand for a Large Eastern Railroad 

Tlie iogarithmic scale Is particulariy valuable tor an operating chart such as this when tberr is a (treat differ- 
enre id the aiie of the figures which must be compared. The lower curve here averages about C60.000 
while the upper curve averages about 91.100,000. The logarithmic scale permits accurate comparison 
dt various curves to determine whether any curves are out of harmony with the other curves 

Fig. 124 gives an especially interesting use of curves on the log- 
arithmic ruling. Executives who have puzzled over methods for 
controlling the quantity of materials or supplies on hand realize full 
well that it is sometimes just as important to watch the cur\'es for 
materials having only a relatively small consumption as it is to watch 
the curves for those materials of which the greatest quantity is used. 
The mere fact that great amounts of capital are tied up in stocks 
of certain largely used materials tends in itself to cause very careful 
scrutiny of those accounts, while numerous small or inactive accounts 
may be entirely overlooked or neglected. A little study often shows 
that there is no necessity for carrying so much material on hand. 
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If charts similar to Fig. 124 are used, the executive can tell instantly 
whether the stocks in different departments or of different kinds of 
material are increasing or decreasing simultaneously and propor- 
tionately. 

"To summarize — with the ordinary arithmetical scale, fluctuations 
in large factors are very noticeable, while relatively greater fluctua- 
tions in smaller factors are barely apparent. The logarithmic scale 
permits the graphic representation of changes in every quantity with- 
out respect to the magnitude of the quantity itself. At the same 
time, the logarithmic scale shows the actual value by reference to the 
numbers in the vertical scale. By indicating both absolute and rela- 
tive values and changes, the logarithmic scale combines the advantages 
of both the natural and the percentage scale without the disadvantages 
of either." 



Chapter VIII 



COMPONENT PARTS SHOWN BY CURVES 



IN Chapter I various examples were given in which the component 
parts or factors making up a complex whole were shown in their 
relative sizes. It frequently happens that it is necessary to 
show the changes which occur in the size of different components 
as time goes on. In this chapter we shall consider only examples 
of charts showing the fluctuating size, at different times, of com- 
ponents which make up a total of 100 per cent. 

In Fig. 125 the 
proportionate num- 
ber, voltage, and 
candle-power of 
various types of 
standard incandes- 
cent lamps delivered 
in different years by 
the New York Edi- 
son Co. are shown 
in a series of vertical 
bars which are all of 
the same length, 
representing 100 per 
cent. No statement 
Fig. 125. The Number, Voltage, and Candle-Power of the js "^ade or impHed 
Different Types of Standard Incandescent Lamps in regard to the total 
DeUvered by the Hew York Edison Company in k„^^^ ^i,i„i, „„„ 
Different Years, Shown as a Percentage of the Totals "«""^'''_ wiiitii iimy 
of All Lamps DeUvered have mcreased or 

The chart vaa drawn in four contrasting colors and was framed (or a decreased f rom year 
wall exhLbit , . „ 

to year. All we are 
interested in, in this chart, is the proportion of the different components 
which in their aggregate make up the bar representing 100 per cent 
in any year. 

In Fig. 126 the total height of the chart represents 100 per cent. 
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Fig. 126. Percentage of United States Foreign Trade Carried in American Vessels 
and in Foreign Vessels by Decades, 1820 to 1900 

This type oF chart requires a more highly educated reader than the type id cbart shown in Fig. 1^. but it 
gains by making the informatitm aland out mure clearly than possible with a aeries of bars 

To show that the chart is absolutely limited to the height represent- 
ing 100 per cent, we use a broad line for the zero line and another 
broad line at the top for the 100 per cent line. Instead of showing 
the percentages at different decades by the method of shaded bars 
used in Fig. 125, the vertical lines representing decades are first marked 
with points dividing the lines into component parts, then the points 
on the various line»^ are jomed to give a curve. The area under- 
neath the curve is shaded in this illustration simply to give a great- 
er contrast between the two portions of the chart. Charts of this 
kind made with shaded or colored areas are understood by a sur- 
prisingly large number of people who ordinarily would not under- 
stand a chart made by using curve lines without the shaded or col- 
ored areas. 

The double scale at the right of Fig. 126 is worth noting. The 
percentage for the United States can be read for any decade. The 
percentage for foreign vessels can also be read for any decade by using 
the reversed scale, in which zero is placed at the top and 100 per cent 
at the bottom. Though a double scale is scarcely necessary on a 
chart as simple as Fig. 126, it is frequently desirable to have a double 
scale. 

Another very striking wall chart is shown in Fig. 127. Here as 
in Fig. 125 the chart was framed, but the frame shows in the photo- 
graph only as a black border. In making up this chart co-ordinate 
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paper was used for a background. The upper half of the chart shows 
the 24 hours of the day divided between hours of darkness, hours of 
twilight and cloudiness, and hours of sunshine, totaUng 100 per cent 
for each month in the year. The hours of darkness are definitely 
known from almanac figures and can be plotted as a smooth curve. 



AN fcSUNDANCE OF LIGHT TENDS TO 
PREVENT INOUBTRtAL ACCIDENTS 




Fig. 127. Industrial Accidents inDifferent Months 
of the Year Compared with the Hours of Sun- 
light Each Day in Different Months According 
to Weather Records for New York City in 1910 

TwCTity-faur hour? ia a day are sfaowu aa 100 per cent divided 
between darkness, semi-darkneHs, and sunshine. Curves 
shoning accidents for three different years have the same 
general shape as the upper curve representing hours at dad' 



The hours of cloudy weather, however, vary in different years. The 
area showing cloudiness and twilight was drawn from actual weather 
observations made in New York City during the year 1910. The per- 
centage of sunshine in different months fluctuates considerably, as 
will be noticed in the chart. 
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The lower half of Fig. 127 contains three curves showing the 
monthly distribution, for three successive years, of about 700 deaths 
annually from industrial accidents reported from an area embracing 
80,000 plants. The similarity of these curves, showing the number 
of fatal accidents per month, to the curves showing the percentage of 
darkness, is intended to convey to the person seeing the wall exhibit, 
the truth of the statement at the top of the chart, that "an abundance 
of light tends to prevent industrial accidents." Though Fig. 127 is 
a very commendable and effective piece of work, it should be pointed 
out that there is danger of exaggerating the facts in the way in which 
the chart is prepared. The lower left-hand scale does not begin at 
zero. By measuring, it can be seen that the scale begins at 20 acci- 
dents per month. The bottom line of the curve field should have 
been drawn near the edge of the picture frame to represent zero. 
This change in the bottom line would have given the reader a more 
accurate idea of the increase of deaths in those months having the 
greatest proportion of darkness. This chart really does not exaggerate 
the facts seriously, for the three curves for deaths and the curve for 
darkness would really be of approximately the same shape even if 
the zero line had been shown in its correct position. Yet it is a fact 
that the omission of the full scale in the chart may cause a person 
glancing hastily at the chart to distrust it simply because the zero 
line is not shown. 

In Fig. 128 a number of different components are shown to make 
up a total of 100 per cent. This type of chart is especially good to 
give instantly a general idea of the relative size of the components 
or factors which enter into any total, and to show the changes in these 
factors as time goes on. Though it is fairly easy to see in Fig. 128 
what the changes are which have occurred in, say, the item for "Gen- 
eral" expenses, it is not at all easy to determine the changes which 
have occurred in the item for "Conducting Transportation." The 
eye cannot measure correctly the increase or decrease in width of any 
area as great as that representing the item for "Conducting Trans- 
portation," especially if there is no straight line to gauge by, either 
at the top or the bottom of the area under consideration. 

Though the method of presenting the facts in Fig. 128 is excellent 
to give a rough general idea or to reach unskilled readers, the method 
of presenting the facts in Fig. 129 is likely to give the more accurate 
impression. In Fig. 129, each of the diflFerent expense accounts is 
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plotted as a separate cun-e measured from zero as a base line. It can 
be seen at once in Fig. 129 tliat the component for "Conducting 
Transportation " increased rapidly until 1895, ran along fairly uniformly 
to 1900, then slightly decreased, then increased again. By having 
each curve plotted separately with the points measured from a zero 
base line, the eye can judge instantly and accurately the changes 
which have occurred over a period of years in any component which 
enters into the total. In an illustration like Fig. 129 it should be 
Percent showo in the title, 

or preferably on the 
chart itself, that the 
sum of the heights 
of all the curves 
given on the chart is 
constantly 100 per 
cent as indicated by 
the broad line at the 
top of the chart. 
The reader will then 
know that if any one 
curve on the chart 
goes up, some other 
curve or curves must 
come down in order 
that the 100 per cent 
line may remain 
straight and hori- 
zontal. 

Fig. 130 is an interesting application of the method of using areas 
to show components with 100 per cent shown as a straight line at the 
top of the combined area. As in this case a large part of the con- 
struction work was finished, the actual number of accidents in the 
construction department dropped to almost nothing, and, because 
the shaded area for construction grew less, it was necessary that the 
other areas should widen out if the 100 per cent line at the top were 
to remain a straight line. Here the weak point in the method of 
charting is the same as that indicated for Fig. 128. The person ob- 
serving the chart has no way of telhng whether the factors included 
in the 100 per cent have grown less or grown greater, and whether 




Fig. 128. Percentage Distributioa of the Expenses of 
Operating the Railroads of the United States 

Here a number of different factors enter into the total 100 per rent. 
Since the strip!) representing different eipenses vury Ht both top and 
bottom, it is not eftsy (o s«- from year tu year how mueb any strip 
may be incrcsaing or deereasing. Compare with Fig. 129 
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the quantities represented by the different areas have changed in 
actual size or only in relative size. Where great fluctuations occur 
from time to time and many factors enter into the total, it is best 
to draw charts in the fomi of Fig. 129 with a common zero line, or in 
the form of Fig. 131, where each factor has its own separate base line, 
or in the form of Fig. 132 and Fig. 133, in which the lines on the chart 
represent actual quantities rather than percentages of an aggregate or 
total sum. 

Note in Fig. 130 and Fig. 131 the S^-inch by 11-inch co-ordinate 
paper on which the ruling is so arranged that the paper may be used 
for almost any subdivisions of time, such as days, weeks, months, 
etc., as seen in Figs. Percent 
57, 103. 131, 134, and 
156. 

In Fig. 130 the 
paper was used for a 
time-scale of three 
years by months, 
the total height of 
the chart being put 
at 100 per cent, us- 
ing fifty out of the 
fifty-two spaces on 
the paper. Fifty-two 
spaces, correspond- 
ing to the number of 
weeks in a year, of 
course are necessary 
when the paper is 
used to represent 
weeks on the long 
dimension of the 
sheet. 

Fig. 131 and Fig. 130 depict exactly the same data. In Fig. 131 
the facts, which in Fig. 130 were represented by areas, are shown as 
separate curves, each curve with its own base hne. Having this series 
of separate curves on one sheet of paper permits an executive to com- 
pare the number of accidents in one department with the numWr 
of accidents in any other department at any one time, or to study 
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Fig. 121). Percentage Distribution of the Expenses of 
Operating the Railroads of the United States. The 
Combined Height of All the Curves Shown Equals 
loo Per Cent on the Scale 

This illustration represents the »«mr data as Fij;. 138. Here the per- 
cenlaj[c tor each eipenw is read from thi' irero liase line insteaH of 
from one lo the other ot the fluetualing lines on either side of an 
area. This melhoil. though not so popular as the method of Kig. 1*8, 
permits more aixiirute reading 
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PEBCE3HAaB3 OP THE TOTAL. 
IE Uontha Averages, 
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Hg. 130. Percentage of Accidents Occurring in Each Department of a Large Industrial 
Plfuit. Plotted Monthly by Twelve-montli Averages 

By this method, with a constant width to represent 100 per cent, any great change in any component 
affects all other componeota. Here the decrease in construction accidents causes the areas depicting 
other accidents to increase in width, even tliough there may be no increase in the actual number o( 
accidents. Compare Fig. 131 

This cut was made from specially rated co-ordinate paper SH inches by 1 1 inches, with all lettering done by 
typewriter. The rulmsas used here shows 100 per rent and three years by months. Note also Figs. 57, 
103, 131 and 150, for which this same universal raling has been us^ 
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ACTUAX nUl.aSH 0? ACCIB3i;S 

□acurrinc 1° each dapartnent. 

IS ItonthB Averages. 




FJg. 131. Actual Number of Accidents Occurring in Each Department of a Large 

Industrial Plant. Plotted Monthly by Twelve-month Averages 
In this chart die m'tuu rondition in eaph departmeDt cmn he sctn niiirh tnore ilt-urly than by the niifthiid 

used in Fi({. 190. Here each ilepartmenl is jud((cd by its ova rcn.ni wilhmit danger o( imjiiat orilici»iii 

based on condiliims in other depuKnicnts 
Fur a more 'Toiijplete dixruasinn of Figa. 1^(1 unil 131 and of the rontrast of methods followed ia preparing 

tlicm the readtr is referred to pages 141, 143 and 140 
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the fluctuations in the accidents of any one department over a long 
period of time. 

As accidents never occur with any regularity, cur\'es representing 
the actual number of accidents are likely to fluctuate a great deal. 
There was such variation in the different months for the number of 
accidents represented in Figs. 130 and 131 that it was almost im- 
possible to draw any definite conclusion from cur\'es for monthly 




Fig. 132. Nature of the Electrical Load Connected to the System 
of the New York Edison Company, 1893 to 1912 

In the preceding illiutrations 100 per cent waa indimted by h atraicht line at the 
top of the chart. Here the line representing IDO per cent in a run'e. Though 
the actual siiea of different components can be seen by this method, percentages 
can only be estimated from the widUu of the areas. The scute for this type of 
ehart miut read in actual quantities rather than in percentages. On this wall 
exhibit tbe scale has been omitted entirely 

data. The data for Fig. 130 and for Fig. 131 were plotted on the 
basis of giving, monthly, the average number of accidents in each 
department during the last twelve months for which records were 
available. Actual figures in tabulated form were used to show for 
immediate reference the number of accidents in any month. The 
curves on the twelve-months average basis were consulted to deter- 
mine whether there was any great increase or decrease in any de- 
partment. 

In Fig. 132 the vertical scale was omitted, perhaps with the idea 
that the chart would thus appear more simple to the average indi- 
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vidual attending a large exhibition. If the scale were given, however, 
it would be plotted on the basis of actual horse-power rather than 
on percentage, for the top curve here represents the total quantity'. 
Percentage scales cannot well be used in diagrams of component parts 
if a fluctuating curve line instead of a horizontal line representing 
100 per cent is given at the top. The reader may, however, get a 
fair idea of the percentages if he roughly calculates the height of the 
areas in question on any vertical line of the co-ordinate ruling and 
then, using that vertical line as a measuring rod, estimates the height 
of the areas as a percentage of the total height of the chart. 

In Fig. 133 the straight line at the top of the chart does not have 
any significance, as it is due only to the co-ordinate ruling which 
serves as a background to the chart itself. The important part of the 
chart ends at the top of the shaded area. "We may consider the top 
of the whole shaded area as a curve and read the values accordingly 
from the scales on the right- and left-hand sides. In fact, any cur\'e 
on the whole chart may be considered as a sub-total, which includes 
all of those components or factors shown as separate areas beneath 
that cur\'e. Thus the "Total Shop Cost" includes all those com- 
ponents shown below the "Total Shop Cost" cur\'e. 
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Fig. 133. Factors Entering into Qte Total Costs and Estunated Value of the Product 
of a Manufacturing Plant 

The various elements enterinR into total shop cost are plotted, each built up 03 the arras helon-. The 
"Estimated Valuation" is linsed upon market prict^ for the finiahcd pKnU. Verticsl distances between 
the "Total Cost" cur\c and Ihe "iilatiniatHi Vnlualion" curve show the estimated profit. N<rte the 
use of dituension lines in i-onibination with the scales 
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The use of engineering dimension lines in Fig. 133 is of interest, 
for the dimension lines add considerably to the clearness of the drawing. 
In the center of the chart the vertical dimension lines on both sides 
of the names for each area show distinctly that the chart must be 
read on the basis of the vertical distance between the two curves on 
either side of any area. At the right- and left-hand edges of the chart 
the over-all dimension lines show the reader at once how to read the 
chart so as to include all the various components entering into any 
total which may be under consideration. The use of dimension lines 
should be thoroughly understood by everyone drawing charts or 
plotting curves, and by everyone having graphic presentations to 
read. Dimension lines may add much to the clearness of a chart 
without being in themselves unduly conspicuous. 



Chapter IX 
CUMULATIVE OR MASS CURVES 

THE curves thus far shown have practically all been of a type 
in which the thing plotted was a value or a rate per w^eek, per 
month, or per year. The tendency of such curves is to follow 
a horizontal direction unless affected by conditions which cause sea- 
sonal fluctuations or gradual increases or decreases. In this chapter 
we shall consider cun^es in which the data plotted concern total out- 
put, rather than the rate of output. With cumulative or mass curves, 
such as are considered here, each point on the curve represents a total 
output up to the time for which the last point is plotted. The figure 
for each successive period of time is added to the total already re- 
corded, and the new total point is plotted. Because the figures re- 
lating to the last unit of time are always added to the total figures 
already recorded, curves of this type are called cumulative curves or 
mass curves. The tendency of a cumulative curv^e is to start at the 
lower left-hand corner of the co-ordinate ruling and move toward 
the upper right-hand comer of the sheet, according to the scale which 
may have been selected. 

Fig. 134 is a half-tone illustration of a cumulative-curve chart 
representing the output of an automobile factory for one fiscal year, 
of the business. In a conference between the sales, engineering, and 
manufacturing heads of this business, it was decided that the quantity 
of automobiles desired was fifty per week until the first of April, then 
sixty per week until the first of June, and seventy per week there- 
after, giving a total production of three thousand two hundred auto- 
mobiles for the whole season. It w^as thought that the rate of pro- 
duction on the new model automobile could be increased after the 
factory had been put into thoroughly good running shape, and the 
schedule rate of production was accordingly increased gradually in 
the manner shown. On account of the delay in getting drawings 

149 



loO 



CUAPIIIC METHODS 





o 






O 


o 


Number 




Factory Schedule and actual Output 


Number 


3600 










3600 


S400 




• 






^/S400 


3£00 










^^3200 


3000 








.^5r .^F 


^ 8000 


2aoo 




■ 


. . 




2aoo 


2600 










2000 


2400 






- 


^^y^ 


2400 


2200 






. . 




ceoo 


COOO 

laoo 






- 




2000 

laoo 


I600 








"$7^ 


lOOO 


I400 










1400 


I200 

lOOO 

600 

600 
4O0 
COO 

O r^ 


t^ 




^ 


m 


leoo 

1000 

aoo 
aoo 

400 

coo 


1 


"•"^T- 8 


' 4 • S ■ 


6 ' 7 • 8 • 9 ' lO ' II ■ 


12 ' ° 


«.«.«• 













Fig. 134. Production Schedule and Actual Output of an Automobile Factory for 

One Year 

The .sch<»<luU' is shown hy tlic .stni'iKht linos dniun aci-onling t»> the desirt**! (>ut])ut fXT week. Actual 
output is in<lirate<l hy thi- waving line showing at any date the total numU'r of autos siiiiiiNtl since the 
beginning of the year. Note the ci>-onlimite paper <»f lett«'r-sh«*<'t sizi» and the scheme for marking oiT 
weeks and months so that any fiscal year may be shown on this stamhird ruletl iniikt 

from the engincH^ring (lci)artnient, the factory was able to ship prae- 
tieally 110 ears (luring the month of January, though the schedule 
shows that one hundred and fifty cars should have been nuide that 
month. During February, the factory j)roduced cars but fell further 
l)ehind schedule constantly, as can be seen by the difference between 
the angle of the schedule line for February and the angle of the actual 
output line for February. 

It nmst be remembered that with cunudative curves the angle 
between the curve and the horizontal hue gives the rate of production 
j)er unit of lime. The angle of the curve <m the page gives much 
valuable information to tlie reader. It is for this reason that cunui- 
lative curves are sometimes much more useful than curves in which 
the rate of output is plotted horizontally from time to time. In the 
cumulative curve the total output is plotted, and changes in the rale 
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of output, judged by the angle of the curve at different times, may 
be seen very easily. 

During March the output curve took a rapid upward turn and we 
can see from its angle that, until the end of the first week in April, 
the output curve gradually approached the curve for schedule. During 
the latter part of March the factory not only got out its quota of 
cars each week but produced more than its quota, making up a little 
for the distance it fell behind during the first part of the year. Owing 
to a lack of material, because of a fire in a factory which supplied the 
crank shafts for the automobiles, not a single automobile could be 
shipped during the second week in April and only a few in the third 
week of April. The automobile factory was busy, however, accumu- 
lating a large supply of parts and assembling automobiles as com- 
pletely as it was possible to do without the crank shafts which were 
lacking. By measuring the vertical distance between the output 
curve and the schedule curve, it will be seen that the factory was 
furthest behind its schedule during the first week in May, which is 
one of the best automobile-selling months of the year. If we count 
the squares between the output curve and the schedule curve we see 
that the factory was about four hundred and tw^enty automobiles be- 
hind schedule at the end of the first week in May. As, however, a 
large supply of parts and of nearly completed automobiles accumu- 
lated while the crank shafts were delayed, the factory was able to 
ajssemble and ship cars very rapidly when the crank shafts were finally 
received from a new source of supply. The factory turned out much 
more than fifty cars per week during the latter part of May and was 
rapidly catching up with the schedule, until the supply of accumulated 
parts was used up and the assembling departments were limited to 
the rate at which parts could be produced in the machine shop. By 
making every possible effort in the machine shop, the weekly rate of 
seventy sets of parts w^as exceeded, and the curve shows that during 
June and July the rate of shipping automobiles exceeded the schedule 
rate to such an extent that by the end of the third week the factory 
had caught up with the schedule production asked for by the sales 
department. There w^as, however, a slump in the factory output about 
the first of August, and it was not until the middle of August that the 
factory was able to furnish the desired quota of automobiles regularly. 

A conference held between the sales manager and the factory 
manager in September resulted in a statement from the sales manager 
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to the effect that he could sell all the automobiles that the factory 
could produce by the end of the year. The factory manager was told 
to go ahead as fast as he wished and turn out all the cars he could 
up to a total of three thousand five hundred cars. The schedule line 
was accordingly changed from the second week in October, by drawing 
the line so that it came out at three thousand five hundred cars at 
the end of the year. It will be noticed that, though the factory had 
a setback due to delayed material in the second week in October, 
it was able to exceed the new schedule during the early part of No- 
vember and it made the three thousand five hundred cars by the end 
of the year as requested. 

The foregoing account will give a fair idea of the application of 
cumulative curves to problems involving output and sales. In work 
of this sort, the cumulative curve is one of the most valuable aids 
to the busy executive. The last point on the curve gives him the 
total output since the beginning of the period for which the curve 
was plotted. From the angle of the curv'^e he can see the rate of output 
for any period of time he may wish to consider. It must be kept in 
mind that a cumulative curve never trends downward. It can move 
only upward or horizontally. If there is no output during any period 
of time the curve simply moves horizontally. Like a clock recording 
time, it cannot go backward. 

Though the cumulative curv^e proper cannot go backward, a 
modified curve may nevertheless be made to show quantities which 
have been added to and subtracted from, giving total net quantities. 
Thus the modified cumulative curve may be used to show the quan- 
tities of stock on hand, additions to stock being plotted upward and 
reductions to stock being plotted downward. Any point on the curve 
then shows the quantities on hand at that particular time. In mak- 
ing a curve like this it is ordinarily the practice to strike a balance 
of the additions and reductions for the latest period of time, and 
then to change the curve only by the net amount added or taken away. 
Such a curve gives not only a perpetual inventory in the last point 
plotted, but it shows the quantity on hand at different seasons of the 
year as a guide for future operations. A curve of this kind can be 
plotted for the total number of men employed in a large organization 
just as well as for quantities of goods in store rooms. 

Fig. 134 was photographed from a sheet of co-ordinate paper 
specially ruled for convenience in curve plotting. The paper is eight 
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and a half by eleven inches (a standard letter-sheet size), and has co- 
ordinate ruling printed in green ink with wide margins on all four 
edges to allow space for lettering, scales, etc. Note in Fig. 134 that 
the green ink of the co-ordinate hues shows much lighter in color 
than the black drawing ink used for the scales and the curves. Though 
the co-ordinate lines are distinct enough for ease in reading they are 
not nearly so conspicuous as they would be if a line cut had been used 
instead of a half-tone. In making a line cut, the green lines of the 
paper must, of course, be printed as black and the color value of the 
green lines is entirely lost. The finished line cut shows only the rela- 
tive widths of lines, not relative colors. For many illustrations of 
curves, conspicuous co-ordinate lines are not desired. In such cases 
it is better to use a half-tone, as has been done in Fig. 134, than to use 
a line cut. 

In Fig. 135 we have curves for two successive fiscal years plotted 
so that they may be compared easily. The double-line curves and the 
dotted-line curv^es are plotted to show the rate of shipments, while 
the heavy-line curves are plotted on a cumulative basis and give the 
total number of carloads shipped since the beginning of each fiscal 
year. Ordinarily it is not desirable to put on one sheet of paper curves 
giving both rate of output and cumulative output, as there is danger 
of confusing in the reader's mind two different types of curves. This 
illustration is included simply to show the possibility of comparing 
two cumulative curves for succeeding years by plotting both cumu- 
lative curves on the same sheet. 

It must be remembered that cumulative curves always refer to 
some definite length of time and that they must always begin at the 
beginning of the period for which the summation is made. Cumulative 
curves do not extend outward indefinitely, but start over again at 
zero with each succeeding period of time. Thus, cumulative curves 
plotted by months or weeks on a long sheet of paper, for a series of 
years, would be seen in the shape of saw teeth, with the highest point 
at the end of each fiscal year and then a drop to zero again at the 
beginning of the next fiscal year. The saw-tooth shape makes it 
feasible, and sometimes desirable for easy comparison, to plot cumu- 
lative curves for several successive periods of time in the same space, 
as the two cumulative curves in Fig. 135 are plotted. 

The progressive average shown by means of the dotted lines in Fig. 
135 is obtained by averaging each month the values for all the points 
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given on each curve since the beginning of each fiscal year. For No- 
vember the average includes two months, for December three months, 
for January four months, etc. The progressive averages in this chart 
mean comparatively little and can be of almost no assistance to the 
manager studying them. The daily averages and the progressive 
averages would have been much more striking if the averages for the 
two years had been plotted horizontally instead of as superimposed 
curves. A moving average could then be shown continuously so that 
the average would always take in twelve months without having to 
start over again at the beginning of the second fiscal year. The in- 
formation in Fig. 135 would have been more simple in appearance 
and more quickly apprehended if it had been given on two separate 
sheets of paper, the daily average curve and the suggested moving- 
average curve being shown for two years horizontally on one sheet, the 
cumulative curves being shown on a different sheet with the two years 
superimposed on the same scale, as in Fig. 135. 

It is frequently desirable to show two cumulative curves on the 
same ruled sheet of co-ordinate paper so that each curve may be 
studied separately and the distances between the curves noted. Thus, 
in Fig. 136, the upper curve shows the amount of money loaned since 
the beginning of the operation of a factory loan-department. The 
lower curve, the dotted line, indicates the amount of money repaid 
by the persons obtaining loans since the beginning of the department. 
The difference between these two curves thus represents the amount 
of money outstanding at the end of any month. At the bottom of 
the chart the actual amount of money outstanding is plotted, also 
in the form of a curve. On the curve showing the amount outstanding 
the height of each point above the zero line represents the distance 
between the tw^o cumulative curves in the upper portion of the chart. 
It is much easier to see fluctuations if the amount outstanding is plotted 
in this way from the zero line than if one must gauge the amount 
outstanding by reading the space between two fluctuating cumulative 
curves. When data must be read by the length of vertical lines be- 
tween two curves, the eye is Ukely to take as the distance between 
the curves the shortest distance instead of the distance measured on 
the vertical ruled Unes. 

In Fig. 136 it was very important to watch the total amount out- 
standing, for the fund available for loans from the beginning of the 
loan system until January, 1912, was limited to $200. From January, 
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Fig. 135. Carload Shipments from a Manufacturing Plant 

Two s^panitc fiara) yean are compared 00 the chart. The right-hand scale shows monthly averages of the 
number of carloads shipped per day of factory openition. The double-line cutres for daily averages 
and the dottcd-line curves for pn^resslve averages are read fn)m the ri(thl-hanrl BPale. The heaiy 
sotid-liDc curves are read from the left-hand scale and show cumulatively the total Qumbcr uf carloads 
shipped since the lieginning of esch Gscsl year 

1912, until the end of the period under consideration the fund avail- 
able for loans was $500, of which $30 {reserved for a special purpose) 
could not be used for the loans for which these curves were plotted. 
Note that in January, 1912, the amount outstanding exceeded the 
funds formerly available for loans, and thus required an increase in 
the capital of the loan fund. Though the lettering of this chart is 
not as clear as it should be, the chart is nevertheless an excellent 
presentation of facts and a good demonstration of the utility of cumu- 
lative curves. 
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Fig. 137 shows in detail for the same loan department the opera- 
tions which are summarized in Fig. 136. In Fig. 137 the heavy line 
shows the actual amount of money loaned each month, while the 
dotted line shows the amount of money paid back each month. The 
data for these two curves were later added month by month on a 
cumulative basis and plotted into the two curves, "Loaned" and 
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Fig. 136. Total Loans Made to Employees by a Large Industrial 
Corporation and Total Amotint Paid Back, Shown Monthly Since 
the Beginning of Loans 

The two upper Liiri'es are plotted on a cumulative basil. The bottom rurve shoirs the 
amount outstanding and is equivalent to the vertical distance b»tweeii points on 
the two upper curvej. The capital devoted to loans is indirated. and the chart 
permits tany reading lA the amouat of capital not on loan at the end of any month 

''Paid-back," in Fig. 136. Because of the great fluctuation in the 
amount loaned and paid back each month, the operation of the depart- 
ment as a whole can be seen much more easily from the cumulative 
curves of Fig. 136 than from the actual monthly-loan curves of Fig. 137. 
In general, the cumu!9.tive curve is of very great assistance in showing 
phenomena in which there are violent fluctuations such as are seen 
in the loan cur\''e in Fig. 137. 

It is interesting to note in Fig. 137 that the peaks and valleys 
in the curve showing the amount paid back follow ordinarily one or 
two months behind the peaks and vallej^s in the curve showing the 
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amount loaned. This is entirely natural, for these loans were made 
only in cases of extreme emergency when employees were in tem- 
porary need. This relation of two curves to each other, with the peaks 
of one curve following at some definite distance behind the peaks of 
another curve, is generally referred to as "lag." Students of eco- 
nomics are continually finding curves which are seen to have a very 
great dependence upon each other when "lag" is taken into account. 
If "lag" is not considered, a great difference in the shape of the curves 
might be taken to show that there was absolutely no relation between 
the facts from which the curves were plotted. 




Fig. 137. Loans Each Month Made to Employees of a Large Indus- 
trial Corporation and Amounts Paid Back Each Month. Number 
of Accounts Opened and also Number of Accounts Closed Are 
Shown on a CumulatiTe Basis 

Notp how the rurve for repaylnpTit laga l>ehiiid the pcaka and valleys of the curve tm 
loans. The i-xtitlt iif the loft gives a (pmil Idea of the len({th ii( time loans are oul- 
staiulint;. This itiustraliun is [or the same loan itepartitieDt shoun in Pi^. I3A 

Great care must ordinarily be taken in determining to just how 
great an extent the element of "lag" enters in. The best way of de- 
termining this is to plot the two curves on separate sheets of trans- 
parent bond paper, tracing paper, or tracing cloth, plotting each curve 
to a separate scale, if necessary, so that tiie peaks and valleys in the 
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two curves will be as nearly as possible at equal distances from the zero 
line. It is difficult to prove a "lag" unless the scales are selected so 
that the peaks and valleys in the two curves are at the same height 
above zero. After the two curves have been plotted separately to 
carefully selected scales, they may be superimposed and read through 
both sheets of paper held in front of a bright light. As the horizon- 
tal scales for the two curves are the same, it will be found, if the 
curves depend upon each other without the element of "lag," that 
the peaks and valleys will almost coincide. If there is "lag," it will 
be found necessary, in order to make the peaks and valleys coincide, 
to shift one sheet horizontally over the other so that the horizontal 
scales disagree. When the paper has been shifted back and forth un- 
til the nearest possible coincidence of the two curves has been ob- 
tained, the extent of the "lag" may be determined by seeing how far 
the two horizontal scales are out of agreement. "Lag" is an impor- 
tant feature of many different sets of curves and must be kept con- 
stantly in mind when curves are being compared. 

In Fig. 137 the growth in the importance of the loan department 
can readily be seen by considering the twelve-months progressive 
moving average showing the average total monthly loans. Though 
there is, in Januarj% 1912, a very high peak which overshadows all 
other peaks, the general tendency of the curve is still rapidly upward, 
because of the fact that a number of high points follow each other 
in close succession, each nearly as high as the peak of January, 1913, 
which stands out alone with low points on either side. 

The number of separate loan accounts opened and the nimiber of 
accounts closed is shown in Fig. 137 by means of cumulative curves. 
The fact that the cumulative curve for the number of accounts closed 
follows so nearly the angle of the cumulative curve for the number 
of accounts opened, shows that the number of accounts outstanding 
has not greatly increased. It also shows that since numerous accounts 
are being closed, the loans are being made to other employees rather 
than being repeated continually to the same employees. 

Fig. 138 is a study made to determine the size of tank necessary 
to supply sufficient boiler-feed water for a number of locomotives 
and tugboats. The average amount of w-ater used each day by all 
the locomotives combined is given in the lower cumulative curve. 
The shape of the curve shows that locomotives fill their tanks chiefly 
between six and nine o'clock in the morning and between five and 



CUMULATIVE CURVES 



»o 
















































-'1 




















































.o.«o 


_ 




, 









































^ 






-1- 


"™ 


— 




L 








— 








— 




— 




— 


— 










-" 


























































■»o» 


, 




_ 








, 


















^ 




^ 






^ 












*.«= 


" 




- 








L_ 








— 




-^ 




f*- 






-/ 




-^ 






-^ 




































IML 










""■*" 




































J^ 


'1 






































-- 


^ 














«™ 


_. 





~ 




— 




^ 


''(^ 


^ 


r^ 




a- 


^ 


^ 


f#i 




^ 


n 


— 




z 


«^ 


~ 


— 




Y 


A 


f^ 


I- 


:r 




:5 


S= 


^ 


~ 


-/ 


— 




z 




3 






— 








^ 




f" 




I' 








































^ 


;-' 








































«.„ 


r" 




-t- 


X 


— 


J 


h- 


- 


u 


— 




— 


— 


— 


— 


— 


— 






— 






-- 




t 




= 


— 






1 




-— 




=^ 


— 




— 






— 


— 


— 


— 


— 


— 


— 


— 



Fig. 138. Cumulative Curves Plotted to Detemune the Minimum Size of Tank and 
the Minimum Steady Flow of Water Required for a Group of LocomotiTes and 
a Group of Tugboats Taking Boiler-Feed Water from the Same Source of Supply 

Cun'es for locomotive and tugs are plotted separately. A third cur\'e is then made by adding the vertical 
distancfs of points on tbe two ouri'es to gel the vertical distanre For points on the third curve. The 
sloping straight line shows tlie miQimum rate of steady flow. Tbe grcateal vertical distance between 
the sloping line and the combined curve shuwa the necessarj' minimum tank capaeity 

seven at night. The points are plotted in the middle of each space 
because the values are based on the average quantity of water taken 
between any two hours specified in the horizontal scale. The next 
curve above gives on a cumulative basis the average of the amount 
of water taken by the tugboats each day. It can be seen that the 
tugs take water between six and eight in the morning and between four 
and eight at night, the greatest quantity of water being taken be- 
tween seven and eight. In order to see what would happen if the loco- 
motives and the tugs should take water from the same tanks, the 
combined curve was made for both locomotives and tugboats by 
adding the quantities for each one-hour period. The easiest way to 
make a combine<l cur\-e when only two curves are to be combinetl, 
is to use a pair of dividers, taking tlie vertical distance above zero 
for each point on one curve and stepping off that measured distance 
above each point on the other curve. The prick marks showinji the 
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distances stepped off by the dividers locate the new combined curve 
so that it can be quickly drawn in. The combined curve in Fig. 138 
shows at a glance that the locomotives 'and tugs together take water 
in such manner that the greatest rate of flow from the tank occurs 
between six and eight in the morning. 

One problem involved in Fig. 138 was to determine the minimum 
steady rate of flow into the tank and the size of the tank so that there 
would always be suflScient water available. By drawing a line diag- 
onally touching the hump on the curve between seven and eight 
in the morning and the hump on the curve between six and seven 
at night, we get at once the smallest size flow which will keep the tank 
full throughout the whole twenty-four hours if locomotives and tugs 
always draw out the water as the average curves shown in Fig. 138 
would indicate. The actual rate per hour at which the water should 
flow is obtained most easily by assuming a horizontal distance of 
several hours on the scale, and then reading upward to the diagonal 
line that vertical distance which corresponds with the horizontal 
distance taken. Thus, if from the point on the line for 40,000 at which 
the diagonal line intersects the vertical line for five a. m., we count 10 
blocks horizontally to the right, we see that it takes 9.1 blocks before 
we again reach the diagonal line. Nine and one-tenth vertical blocks 
correspond on the scale to 45,500 gallons of water flowing in 10 hours, 
so that the minimum steady rate of flow must be 4,550 gallons per hour. 

The dimension marks at "C" and "D*' indicate the great amount 
of water used between four and eight p. m. The diagonal line drawn 
parallel to the minimum-flow line shows the amount of water which 
flows into the tank between three and eight p. m., thus reducing the 
quantity to be supplied from the storage space of the tank to the 
amount indicated on the vertical scale by the dimension mark "C". 
Between six and eight a. m., when the amount which can flow into 
the tank through the regular flow-pipe is limited to the quantity 
indicated by the dimension mark "B", the draught on the tank is 
so rapid that all of the water indicated by the dimension mark "A" 
must be furnished by the storage capacity of the tank itself. The 
water does not flow into the tank nearly so fast as it is taken out by 
the tugs and locomotives at that particular time of the day. If we 
count the squares included vertically in the dimension line "A'' we 
find 7.6 squares. This shows that the amount of water which must 
be furnished by the tank during the rush hours cannot be less than 
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7.6 times 5,000 (the value for each square on the scale), or 38,000 
gallons. The distance "A" is really the same as the vertical distance 
between the point representing the average for the hour from five 
to six a. m. and the diagonal line of minimum flow. The storage 
capacity necessary in any case of this sort is very simply determined 
by means of curves or mass diagrams on the general scheme of Fig. 
138. The measurement of the greatest distance which shows between 
any depression in the consumption curve and the minimum-flow line 
which joins the peaks on either side of it gives the minimum steady 
rate of flow. 

There is great practical value in charts like Fig. 138. In this 
case the minimum-flow line determines the size of the pipe, pumps, 
or other machinery which must be installed to provide the requisite 
quantity of water if the water is kept running steadily all the time. 
The tank capacity must be as great as the diagram demands or there 
will not always be sufficient water. In practice, it would, of course, 
he customary to put in a pump considerably larger than that needed 
to provide the minimum flow which the chart shows to be necessary, 
and the tank would also be of larger capacity than the minimum- 
storage determination of the curve would indicate. The extra capacity 
of both pump and tank are, however, only a safeguard against ab- 
normal conditions. The graphic solution shows the exact rate of flow 
and the storage capacity which would be satisfactory if the conditions 
indicated by the data on the curves were to be constantly maintained. 

Fig. 139 shows the application of the cumulative or mass curve 
to problems of municipal water-supply. In working up data for 
rainfall in different watersheds and determining the greatest possible 
amount of water which can be obtained from watersheds when dif- 
ferent sizes of reservoirs are used, the cumulative curve is almost 
indispensable. In Fig. 139 the method is nearly identical with that 
used in Fig. 138, except that in Fig. 139 wc are determining the great- 
est possible rate of uniform consumption from a fluctuating supply, 
instead of determining the smallest possible rate of uniform supply for 
a fluctuating consumption. In Fig. 139, the lines beginning at the 
hump in 1870 are drawn at different angles to touch the different 
humps and show various rates of possible consumption. These flow 
lines are also continued in the other sections of the curve just as if 
the curve had been shown continuously in one line instead of in three 
separate sections. The scale for Fig. 139 is selected to show "million 
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gallons per square mile." The scale could just as well have been 
made to show the total gallons of rainfall in the whole watershed, 
but it was more convenient to put the scale on a square-mile basis, 
dividing the total rainfall by the number of square miles in the water- 
shed. 

Cumulative or mass curves are very frequently used for the study 
of quantities in earth work, especially in railroad construction. Cumu- 
lative curves showing the total quantities of earth removed from cuts 
and the total amount used in fills can be kept to give the whole in- 
formation in the most convenient form for quick reference and accurate 
study. 



FREQUENCY CURXTS. CORRELATIOX 



MAXY business problems can be studied most rapidly and con- 
veniently if the data are put in the form of frequency cun'es. 
Though engineers have used curves for many years to repre- 
sent data relating to, the laws of physics, the engineer has made prac- 
tically no use of frequency cun-es such as are used by the biologist. 
This is probably due to the fact that the engineer can determine the 
laws of physics from mathematical computations based on a relatively 
small number of observations, while the biologist must deal with • 
statistical averages based upon obser\'ations and measurements in 
thousands of different cases. The laws of biology are not so definitely 
mathematical as those of engineering and physics. The biologist 
nmst have more obser\'ations than the engineer if he is to draw accu- 
rate conclusions. 

A frequency chart is based on the number of times a certain char- 
acteristic is found repeated in a large number of observations. The 
number of repetitions is referred to as the "frequency". A comparison 
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Fig. 140. Frequency Chart Based on the Number of Ribs in Scallop Shells. Shells 
Are Sorted into Different Piles According to the Number of Ribs, the Piles (from 
Left to Right) Having RespectiTely 15, 16, 17, 18, 19 and 20 Ribs 

The hcighU <if thi- diffpnnt pilt^ show the relntivp frequency of shells hii\-iQg the different niimlirrs o( ribs. 
Seventei-n-ril) nhells wrre frninil imieh more ninimiinly than sheila with any other nuiiiiier of ribs. If 
a line were drawn through tlic tups of the diffi-rmt ahell piles, we should have a frequency curve 
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relating to the frequency with which different characteristics or items 
are found repeated is commonly referred to by the biologist as "fre- 
quency distribution", and the charts showing frequency are quite 
often called "distribution charts" or "distribution curves". 

In Fig. 140 a frequency diagram is shown at the right by photo- 
graphing piles of shells arranged so that all shells in any one pile con- 
tain the same number of 
ribs. The pile of shells at 
the left, having the smallest 
number of ribs, contains 
but three shells. In the pile 
of shells at the extreme 
right, having the highest 
number of ribs, there is only 
one shell. The middle pile 
shows conclusively that the 
greatest number of the shells 
have seventeen ribs. There 
is a fairly large number of 
shells in the pile for sixteen 
ribs, and a somewhat greater 
number of shells in the pile 
for eighteen ribs. Though 
it is unfortunate that no 
horizontal scale or vertical 
scale is shown in the picture, 
the reader will nevertheless be able to see from this illustration the 
general scheme on which frequency curves are based. 

In Fig. 141 a group of men have been arranged in different rows. 
There is only one man in the shortest class at the left, and only one 
man in each of the tallest two classes at the right. Most of the men 
are of that height shown by the row to the right of the center of the 
diagram. A glance at the photograph taken looking down on this group 
of men shows that there are more men shorter than the most fre- 
quent height than there are men taller. If an ink line were drawn as 
a smooth curve to represent the outline of the whole group of men, 
when arranged in rows as shown here, the top of the curve at the 
end of the longest row would be called the "mode", as it would show 
the tj'pe found most frequently in all the individuals under observation. 



Fig. 141. Forty TJniversity Students Arranged in 
Rows, According to Stature by Inches, as 
follows: 56 to 57.9, 58 to 5Q.g, 60 to 61.9, 
62 to 63.9, 64 to 65.9, 66 to 67.9, 68 to 69.9, 
70 to 71.9 

This illuatration gives a good idea of the basis ihi which a 
frequency chart is eonstnieled. A rough frequency curve 
could be made by drawing a line through the en<U of all 
the diRerent rows of men. The curve would show s 
deRuite peak for the height <U to 65 . 9 inches. S jch a 
peak is called the "mode", since it nhowa the type vrhich 
occurs with greatest frequency 
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In the following illustrations, curves of this kind will be noticed using 
the diagrammatic form rather than the actual photographs of a classi- 
fied group like Fig. 141. In Fig. 141 it is regrettable that the illustra- 
tion does not show a scale giving for each row the maximum and mini- 
mum height of men in that row. Some scheme, of course, was neces- 
sarj' to divide these men up into 
height classes, but the reader has 
no way of knowing the limits of 
height for each class except by re- 
ferring to the title of the illustra- 
tion. 

Frequency charts are some- 
times made for popular illustra- 
tion by drawing vertical lines to 
represent the number of individ- 
uals found in each class designated 
by the horizontal scale. Thus, a 
representation could be made for 
the data of Fig. 141 by having a 
«, ^•«wi>j^»/JMni«i-»(_o«™i, /I'Mi'wtrwj. horizontal scale to represent 

fig. 142. The Number of Persons Work- , . , , , - , ,. 

ing On and Above the Sixth Floor heights, and drawmg vertical hnes 
in the Cloak and Suit Industry and to a scale by which the length of 
h'wy'Sc?5'' ^"^ '"''""^ " «""='' ™rti™l H"" <" bar would 

Thia chart was made first ri)r a. wall exhibit and was represent the nUmbcr of iudivid- 
later used Jo h widely dLitributed report. The , » . i . . ■ i i ■ l. rrii 

co-ordinate rulinR has the shape ot a New York Uals of that particular height. The 

manufacturinn building. Hy observing this illus- cp-™ nf bnm wniilH then hnvp tliP 

tration from the Idte^ of the page the reader SCTieS OI DarS WOUIQ tncH na\ e IHe 

may (tet the general effect of a frequency curve same general arrangement as the 
photograph of Fig. 141 representing the number of men actually seen. 
These bar diagrams to represent frequency are not of very great use, 
except possibly in advertising work where it may be necessary to get 
some kind of chart which can be understood by any untrained reader. 
In Fig. 142. an effective use has been made of the frequency-curve 
scheme in a report intended for wide circulation among pwrsons who 
have not been trained in reading curves. The general outline of a 
tall New York manufacturing building is given very clearly as a field 
of co-ordinate ruling, on which the actual numbers of workers for any 
floor level can l>e read from the horizontal scale with a fair degree 
of accuracy. The numbers working below the sixth floor are very 
large, and only those on and above the sixth floor are shown. 
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This allows the use of a large scale for the data of the upper floors. 
In order to see the general shape of a frequency curve when plotted 
with flat tops instead of peaked tops, the book may be turned so 
that the illustration is seen from the left-hand edge. This chart was 
drawn primarily as a wall exhibit, to be used later as an illustration 
in a printed report. The general scheme is excellent and it could 
scarcely be improved upon, even though the independent variable 
has here been made the vertical scale instead of the horizontal scale. 
Putting these data in .the form of a curve such as is used in Fig. 143 
would probably not be as effective for untrained readers as the black 
bars of Fig. 142, 
placed against a field 
in the general shape 
of a New York man- 
ufacturing building. 
Fig. 143 shows a 
frequency diagram of 
the kind found most 
useful in ordinary 
work. The vertical 
scale here represents 
percentage, and the 
total of all the figures 
shown at the upper 
part off the chart 
added together is 100 
percent. Frequency 
curves are very often 
used, however, with 
numbers rather than 
percentages repre- 
sented on the vertical 
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fig. 143. Age at Marriage of 439 Moiried Graduates of 
Mount Holyoke College who Graduated from 1890 
to 1909 

The vertical soale shows the percentage of the whole 43B whu married 
at each age given on the horizontal scale. The totals of all per.'ent- 
age Bgures at the upper margin of the chart is 100 per cent. If a 
greater number of peraons were inoluded in a frequeney eurve of (hia 
sort the curve would be less irregular and the mode would show more 
distinctly 

scale, and the vertical scale then shows the actual number in each class. 
To assist the reader, the total number of observations made would 
usually be recorded, perhaps in the title of the illustration. In bio- 
logical work observations are usually made in vast number, to permit 
making a very accurate conclusion regarding the general laws of fre- 
quency for any particular subject under consideration. For a great 
many problems of everyday life, however, the observations are not 
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of sufficient number to permit the formation of any general laws. 
Thus for Fig. 143 we are not justified in saying that all college women 
marry at the particular ages indicated by this chart. The number 
of women taken into consideration for the preparation of the chart 
was not sufficient to allow any final conclusion, certainly not to justify 
any general statement that college women are less likely to marry at 
the age of twenty-six than at either twenty-five or twenty-seven. 
Aggregafte Population 

Males Femalea 
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Fig. 144. Conjugal Condition of the Populatioii of the United States in 1900 in 
Proportions of the Total Number of Each Age Group 

This chart was printed m n)lor in the Stntistioal Atlas. Here shsdinR is used instCHil uf color. The siranRp- 
ment ti> the right and left uf a z«ru line at the center makes visual romparison difficult between the data 
, tor males and femalea. Xule the euntmsts between the upper and luwer eharts. Compare the upper 
chart with Fig. lU 

In biological work the number of obser\'ations taken is ordinarily 
sufficient to permit drawing a smooth curve to represent the general 
law, after a chart drawn with numerous straight lines has been made 
by the method used in Fig. 143. It would not be desirable to draw 
a smooth curve in the case of Fig. 143, as the smooth curve would 
be misleading because of the small number of observations made. 
For most business problems, and in many problems actually in the 
field of statistics, the laws which affect frequency are so indefinite 
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and the number of observations so limited that it is much better to 
use the straight-line method of Fig. 143 than to attempt to make a 
smooth curve. Sometimes a smooth curve may only mislead the 
reader, making the chart appear very accurate when in reahty the 
data were so crude that only the roughest approximation is possible. 
Fig. 144 is copied from the Census Atlas for the 1900 Census. In 
the Atlas, colors were used for the different areas which must be repre- 
sented here by cross-hatching. Though these illustrations hold some 
very valuable and interesting information, the information is contained 
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Fig. 145. Conjugal Conditioa of the Population of the United States in 1900 in 
^oportions of the Total Number of Each Age Group 

Here the arrangement of Fig. 144 hai been reversed so as to place age on the horizontal scale, since age 
is the independent variable. Having the data eipreised in cjn-ea permits much clearer interpretation 
by the redder. Cun-ea for male and for female may be instantly cumnared. The term "widowed" 
' aa applied to men waa used to harmonize with the preceding illustration 

in such manner that it is almost impossible for the reader to get it out. 
In the first place, age is the independent variable, but it has been made ' 
the vertical scale. The information sought is the percentage at different 
ages for each of the sexes, and this must be read from the horizontal, 
scale, in violation of one of the most important rules for graphic work. 
Another bad feature of the chart is that data for male and female are 
shown in the right and left direction from tifie center line, making it 
almost impossible for the reader to compare the figures for male and 
female at any age under consideration. The data for the upper half 
of Fig. 144 are replotted in Fig. 145, and the reader would do well to 
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compare the two illustrations to see just how much more clear Fig. 145 
is than Fig. 144. 

The bottom portion of Fig. 144 is show^n here by way of contrast with 
the upper portion. Notice, for instance, the difference in the shape of 
the chart for the female Chinese and Japanese population of the United 
States as compared with the chart for females in the aggregate popula- 
tion of the United States. A very large percentage of female Japanese 
and Chinese are married by the age of thirty-five, but after that age 
there is a fairly large percentage reported as single. It w^ould appear 
that many widows must be reporting themselves as single instead of 
as widows, or the chart would probably not be so different in shape from 
• the chart for the aggregate population of the United States. 

In Fig. 145 the scale for age has been properly placed horizontally 
and the scale for percentage placed vertically. The whole population 
is considered as single under the age of fifteen. The total of the figures 
for single, married, and widowed on any vertical line equals 100 per 
cent: thus, as the number married in succeeding years increases, the 
number who are single is seen to decrease. The curves prove at a 
glance that the women start to marry much earlier than the men. 
Between twenty and thirty-five the horizontal diflFerence between the 
two curves shows that the women marry about four years earlier than 
the men, or, in other words, taking the population as a whole, the 
women marry men about four years their seniors. In considering 
these curves it must be remembered that this chart is made up on a 
different basis from Fig. 143. In Fig. 143 all the women who married are 
recorded as married, and the top of the curve (the mode) shows at 
once the age at which marriages are most frequent. In this chart, how- 
ever, we are considering three things, and the chart shows the percentage 
who recorded themselves as married, rather than the actual age at which 
marriage occurred. The percentage of those who report themselves 
married is affect^ by the number who are single and also by the num- 
ber who are widowed. If in the later age classes, deaths of husbands 
occur more rapidly than marriages of spinsters for any particular age, 
the "married" curve w^ill trend downward even though a very large 
number of spinsters may be marrying at that age. It is simply a ques- 
tion of balancing the deftth rate of husbands against the marriage rate 
of spinsters. The curve marked "married '* on this chart does not show 
the age at marriage, but simply shows the percentage in any age class 
who report themselves as married and not widow^ed. 
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The men marry later than the women. Many of the men marrying 
over forty marry women much younger than themselves. As the hus- 
bands are older than the wives, the expectation of life for the husband is, 
of course, less than for the wives, and the number of widows at any age 
is far in excess of the number of widowers, on this account alone. In- 
dustrial accidents, war, etc., also tend to make a high death rate among 
the men and cause more widows than widowers. In Fig. 145 the curve 
for men has been labeled "widowed" to follow the Census OflSce prac- 
tice in Fig. 144. 

With Fig. 144 some of the age classes are for an interval of only five 
years while other age classes have an interval of ten years, yet the 
different lengths of interval are shown by the same distance on the scale. 
For Fig. 145 the horizontal scale has purposely been made such that 
the ten-year age intervals are set off by twice the distance used for the 
five-year intervals. As there are very few marriages under fifteen, 
the space for "imder fifteen" has been made three times the space for 
the five-year interval. Taking the standard life as four-score years, 
the space for "over sixty-five" has been made three times the distance 
used for the five-year intervals. This selection of horizontal distances 
makes the curves into much more nearly their correct shape than is 
possible on the Census Office chart, where five-year and ten-year 
class intervals are shown by equal scale distances. 

Perhaps the greatest gain made in clearness in Fig. 145 is due to 
the placing of the curves for male and female on the same ruled field, 
so that they can be compared instantly and correctly without need 
for any right-hand and left-hand measurements such as were necessary 
in Fig. 144. No claim is made that Fig. 145 is suitable for untrained 
readers. Since, however, it is doubtful whether many unskilled read- 
ers ever refer to the Census Atlas, it would seem desirable to use the 
general scheme of Fig. 145 for clearness and convenience. 

In Fig. 146, also taken from the Census Atlas for the 1900 Census, 
a right-and-left measurement must be made to compare death rates 
in two diflFerent years, teh years apart. The chart was drawn to bring 
out the data clearly and, if clearness is not attained, the data might 
just as well be expressed in columns of figures. Here again the vari- 
ables have been reversed and the independent variable improperly 
made the vertical scale. • 

In Fig. 147 the data of Fig. 146 are redrawn into two curves by 
which the number of deaths occurring at different ages can be readily 
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Fig. 146. Comparative Proportioii of Deatlis at Different Ages from Pneumonia 
per 1,000 Deaths from Pneumonia in the Registration Area of the United States, 
1890 and 1900 

The right-anct-lrft arraDgement at this chart makes comparison for thr two different years almost impossible- 



Compared for the two years under consideration. Notice that in the 
later year, 1900, deaths from pneumonia between the ages of ten and 
sixty years were much less frequent, while deaths after the age of 
sixty were more frequent. There was also an increase in the number 
of deaths at ages less than four. Certainly the facts relating to deaths 
from pneumonia for the two years are much more clearly brought 
out in Fig. 147 than in Fig. 146. 

There are some peculiarities in Fig. 147 which should be pointed 
out. The Government figures are given by one-year intervals up to 
the age of five, and then on five-year intervals to ninety-five. Fig. 147 
really should have been made so as to indicate a change in the hori- 
zontal scale at five years. If the chart had been made the full width 
of the page it would have been possible to get room enough to show 
the figures for single years at ages under five by using a space 
only one-fifth of the horizontal distance used for the five-year inter- 
vals. The large number of deaths at ages five to nine inclusive is 
very striking on the curve. Possibly the large death rate from five 
to nine may be due to the lessening of parental care at an age when 
exposure becomes more frequent. By ten years of age, the children 
have learned better how to take care of themselves and the number 
of deaths from pneumonia comes down to about the lowest point. 
Though the foregoing explanation of the large number of deaths 
from five to nine years may be correct, it is probable that the figures 
are more or less in error, due to the tendency to state ages in numbers 
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which are multiples of five. The peaks for the period five to nine 
may be due largely to parents giving the age roughly as "five years". 

In Fig. 148 the data in which the reader is interested are shown 
at the peaks of various triangles. The shaded triangles on the chart 
give a geometrical figure which at first glance might be considered 
as a curve. It is not until after a considerable amount of puzzling 
that one notices that the triangles have absolutely no significance 
and that they are only a means of showing the distance from the 
base line to the various points representing decrease or increase. It 
would have been better if plain black bars had been used for Fig. 148 
instead of the tri- p«-,«= 
angles. Bars are so 
familiar to everyone 
that there would be 
no danger of error in 
interpretation. This 
illustration was used 
in a Sunday news- 
paper article where 
a non-technical class 
of readers had to be 
reached. For such a 
class of readers the 
solid black bars 
would probably be 
the most easily un- 
derstood method of 
presentation. 

For anything ex- 
cept newspaper pres- 
entation, the method 
of Fig. 149 would 
probably be more 
acceptable to the 
reader than the solid 
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Fig. 147- Comparative Proportion of Deaths at Different 
Ages from Pneumonia per i,ooo Deaths from Pneu- 
monia in the Registration Area of the United States, 
1S90 and 1900 

Compgrison of the two years can be made iostantly throu)[hout the whole 
range of ages. Age is the independent variable and, hence, is shown 
here as the horiiontal scale. Il would be better if a vertical wavy 
line or some other signal were Used to show the change in the horiEon- 
Lal scale for ages below Gve years 

black bars suggested in the preceding paragraph. The curve drawn 
in Fig. 149 shows a fairly uniform increase in death rates as ages 
increase up to the age of sixty. The degree of uniformity in increase 
is much more readily seen from the cun^e line than it could be shown 
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by the use of bars. Granted that the curve of Fig. 149 might not 
be understood by all the readers of a newspaper, it is ne^'e^theless 
much more desirable, even in newspaper work, than the method shown 
in Fig. 148. Though Fig. 149 might not attract deep interest on the 
part of a newspaper reader, it would not be likely to be misinter- 
preted. Fig. 148 might serve to attract attention, but what is the use 
in attracting atten- 
tion unless a correct 
impression is given 
after attention has 
been attracted? 

Frequency cur\'es 
thus far considered 
have permitted read- 
ing from the vertical 
scale only the actual 
number or percent- 
age observed corre- 
sponding to any 
point which may be 
selected on the hori- 
zontal scale. Thus, 
in Fig. 143 (see page 
167) we can read 
from the vertical 
scale only the per- 
centage of marriages which corresponds to any selected age on the hori- 
zontal scale. In Fig. 150, however, we have the same data of Fig. 1411 
plotted in the form of a cumulative frequency curve. With a cumulative 
frequency curve the vertical scale shows not tie actual number for 
any point of the horizontal scale, but the number cumulatively up 
to any point which may be selected on the horizontal scale. In Fig. 
143 the percentage who married at each age is given in figures at the 
top of the chart. By observing the figures at the top of Fig. 143 
and the figures at the top of Fig. 150, the method for plotting a cumu- 
lative frequency curve will be apparent. Beginning with the per- 
centages for the later ages in Fig. 143, the figures for the various 
years are added cunmlatively to give the figures seen at tlie top of 
Fig. 150. The figures and the curve of Fig. 150 thus sliow the per- 
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Fig. 148. Change Since 1S80 in the Death Rates of 
^nericans at Various Ages 

The use ot the separate triangles here is mnfufling to th* reader. One is 
apt to interpret the ehart by the roDtoiir of the shaded ar?as ntther 
trun by the points at the tips of separate trianglps. ' Compare this 
illustration with Fig. U9 
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centage who married at ages greater than any specific age selected 
from the horizontal scale of the chart. 

Fig. 151 gives an example of a class of information which can be 
shown to very great advantage by the use of cumulative frequency 
curves. In an annual report of a railroad a tabulated statement of the 
numl:)er of miles of different weights of rail in use at the end of the 
fiscal year makes the information diflScult for the stockholder to inter- 
pret. Putting the data in the form of a curv^e like Fig. 151 lets the 
stockholder see at once just what conditions are on his road, in so far as 
rail weight is concerned. Thus, in Fig. 151, the stockholder may see 
at a glance that a very small percentage of the rails on this railroad 
weigh in excess of 75 pounds per yard, and that only about half of the 
rails weigh more than 70 pounds per yard. In order to compare diflFer- 
ent years it would be well to have a chart of this kind printed in the 

annual report, with 
curves for different 
years plotted on the 
same co-ordinate rul- 
ing, so that the 
stockholder could see 
by the change in the 
shape of the curves 
just what has been 
done toward replac- 
ing light rails w^ith 
heavy rails. If de- 
sired, rail-weight 
curves for diflFerent 
railroad systems 
could be shown in 
the same chart, so 
that the stockholder 
might see how his 
railroad compares 
with others in the 
matter of rail weights. 
It would have been better if Fig. 151 had, at the lower left-hand 
comer, the words ''more than", with an arrow pointing horizontally 
to the right as can be seen in Fig. 158. In cumulative frequency curves 
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Fig. 149. 



Data of Elmer Rtttenhouae, of the Equitable Life Assurance Society 

Change Since 1880 in the Death Rate of 
Ainericans at Various Ages 

The increase in death rates for aj^s over forty is here shown in great 
contrast with the decrease in death rates for ages less than forty. 
The heavj' zero line and the arrows pointing upward and do^-nward 
make niisinteq^retation almost impassible 
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such as this it is well to give the reader a clew that it is a cumulative 
frequency curve he is observing, and the arrow with the words "more 
than " accomplishes this result in a satisfactory manner. 

There are two scales used in Fig. 151 with the expectation that the 

reader would ordinarily use the left-hand scale when reading the chart, 

^qB«o«oBr.w«-«---o«r- using the words 

^ 1^^ ^ S° S Si^S-"'-'""" "more than". The 

right-hand scale 
reading downward 
permits the reader to 
get at once the com- 
plement of any figure 
on the left-hand 
scale, so that, by 
using the right-hand 
scale, the reader may 
interpret the curves 
on a "less than" 
basis. Thus, in con- 
sidering the weight. 
Fig. 150. Perceatage of 439 Married Graduates of roughly 6 per cent of 
Mount Holyoke College (Women) Graduating iSgo „ ., ., ., 

to 1909, who Married at Ages Greater than Any ^" the rails on tae 
Specific Age Selected from tiie Horizontal Scale of system are more 
the Chart , ^ ^ than 75 pounds per 

This js a cumulative lr«[ueno}' cun'e plotted from eiartly the same data . 

as Pi);. I4S. The word "over'" with the arrow at the lower li-ft-hand yard, and USmg tllC 
comer of the chart shows that the ehart does not indicate the per- " Ut U A I '-I * 

centage who marrj' at any age but the number who many later rigni-nana SCale It IS 

than any speeilic age read from the horiioQtal scale Seen that rOUChlv 

94 per cent of all the rails are "less than" 75 pounds per yard. There 
is not ordinarily any necessity for using a double scale in this manner. 
It is done here only to show the difference in reading a two-scale chart. 
In Fig. 152 and also in Fig. 153 the cumulative curves have been 
plotted on a different basis from that used in plotting Fig. 150>and Fig. 
151. In Fig. 150 and Fig. 151, the curves begin at the 100 per cent line 
at the top of the chart and extend downward toward the right. In Fig. 
152 and Fig. 153 the curves start at the zero line at the bottom and ex- 
tend upwards toward the right of the chart. The differences in the 
shape of the cur\'es will point out to a trained reader the manner in 
which he must read the curves. Fig. 15'2 and Fig. 153 should be read 
using the words "less than" instead of the words "more than". Thus, 
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in Fig. 152 considering the cur\'e "A", 60 per cent of all the telephone 
calls of this class were answered in " less than " four seconds and 76 per 
cent of the calls were answered in "less than" five seconds. Of course, 
all those calls which were observed as having been answered in "less 
than" four seconds are also answered in "less than" five seconds, so 
that the curve is on a strictly cumulative basis. In Curve "C" it 
can be seen that only 30 per cent of the calls of that class were answered 
in less than four seconds, as against 60 per cent for curve "A". Though 
curve "A " is higher up on the chart than curve " C ", it really represents 
a smaller length of time required to answer telephone calls than shown 
by curve "C". Since twice as large a percentage of the calls were 
answered in "less than" four seconds, the average time for answering 
calls in curve "A" is certainly smaller than the average time for curve 
"C", yet curve "A" ap- percent 
pears on the upper part of 
the chart. It is confusing 
to the average reader to 
have curves appear on the 
upper part of a chart when 
they really represent numer- 
ically smaller quantities 
than other curves appearing 
on the lower portion of a so " 
chart. Yet this is the result 
when curves are plotted on lo »o 



"less than" basis. In 
order to avoid danger of 
misinterpretation, it seems 
desirable that cumulative 
frequency curves should be 
plotted on a "more than" 
basis. Most of the cumula- 
tive frequency cur\'es in 
this book are plotted on a 
"more than" basis, so that curves involving the larger cjuantities or 
percentages may appear on the chart above those cimiulativc fre- 
quency curves for smaller quantities or percentages. 

Fig. 152 and Fig. 153 show the application of the cumulative fre- 
quency cur\'^e to commercial problems. The full explanation of these 





T- 




~~ 






~~ 




~~ 






~~ 


— 


90 10 


























































BO EO 




\ 




























1 






















































eo 40 




































\ 






















so SO 
«0 «0 
30 TO 








\ 










































































































■0 SO 






































\ 
















































WO, 






























B 








a 
















> 



Weight or Rail in PwnOo 

Fig. 151. Weight of Rails per Yard in the Main 
Line Track of the Seaboard Air Line Railway 
as Published in the Annual Report to Stock- 
holders for the Fiscal Year Ending June 30, 
1912 

When using the left-hand scale the ehart is read on a "mui¥ 
thiin" basis as if t}ie words "more than" had be<^ used 
n-ilh the horizontal scale as seen in Fig. 158. If the right- 
hand si-ale is selected the words "leas than" arc used 
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two charts cannot be gone into here, but the reader can see for himself 
the use of the cumulative frequency curve in studying different problems 
ill the telephone business. In Fig. 15*2 the curves show the time required 
to answer calls in different cities, while Fig. 153 shows a comparison 
of answering times in different classes of service. Notice that in each 
of these two charts it seems that two sec<jnds is about the minimum 
which can be expected in answering telephone calls with the existing 
types of equipment. Fig. 153 certainly gives in excellent manner the 
c-onipari.son between the answering times for different classes of ser\'ice. 
It wouhl lie very difficult to convey the complex information contained 

ill Fig. 1.53 by using tabu- 
lat<Hl figures only. Tabu- 
late<l figures would take up 
as much space as the chart 
and they would be less in- 
telligible to any person who 
knows even the rudiments 
of reading graphic presenta- 
tions. 

In Fig. 154 an attempt 
was made to apply cumu- 
lative frequency curves to 
a comparison of wage rates 
in different sections of the 
I'nited States. The chart, 
however, is likely to be very 
misleading, as it has been 
plotted by methods w^hich 
are not in accordance with 
-rsed, and the independent 
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Fig. 152. Time Required for Operators to An- 
swer Telephone Calls in Towns of Different 
Size in Wisconsin 
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usual practice. The variables have been rtn 
variable has incorrectly been made the vertical scale. Besides that, 
the vertical scale read.s downward instead of upward. In all kinds of 
curve phitting it is common to have the two scales begin with zero 
at the lower left-hand corner of the chart. Here the two scales begin 
the zeros at the upper left-hand corner of the chart. I'nless the reader 
will turn Fig. 154 on its side so as to make the two zeros at the lower 
left-hand comer, he may find great difficulty in interpreting the chart. 
Fig. 155 shows a rcph)t of the data of Fig. 154. ' Here the curves are 
plotted on a "more than" basis, but it would have l>een better if the 
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words "more than", with an arrow, had been placed at the lower 
left-hand corner of the chart. In Fig. 155 a little study will show 
the advantages of plotting curves on a "more than" basis. The reader 
can see at a glance from this illustration that the wages for the western 
States are very much higher than the wages in the south Atlantic 
States. The position of the curves one above the other would lead 
the reader at once to think of the upper curves as showing higher 
wages. Here the upper curves do indicate the higher wages, but they 
would not do so if they were plotted on a "less than" basis instead 
of on a "more than" basis. Though it may cause some confusion 
at first, it seems desirable as a general rule that cumulative frequency 
curves should be plotted on a "more than" basis rather than on a 
"less than" basis. 
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C&urtav of W, S^ Gtjford, Amerltm Ttiepfumt A Tdeffraph Cd^ 

Fig. 153. Answering Time of Different Classes of Operators in Telephone Work 

Cuimilfltii-c curves of thin sort ffii-e information in raiicb more condensed sod clear form than possible with 
other methoda ot presentation. TTiia particular chart is read on a "less than" haais. as can be s«en by 
the i^neral poaltion ot the curves as related to the scales. Notice that none of the mils is answered in 
less than two seconds 
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Fig. 154. Comparison of Eamings of Men Wage Earners in Different Portions of 
the United States in 1905 

This chart is almost hopelessly ciinfuscd Uiiiuse the srales have brcn »0 arnm^ed that the two scale zeros 
appear at the upper Icfl-hand eiimtT iif the ehurl iiuteiMl of at tlie lower Irfl-hanil comer. The vertical 
scale reads downwun! when it should read upward. See FTg. 155 for these same data retlrawn 
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In Fig. 156 we have cumulative frequency curves applied to a 
comparison of wages in different departments of a corporation. Here 
again the words "more than" and the arrow would have been de- 
sirable at the lower left-hand comer of the chart. The general position 
of the curves beginning at the upper left-hand comer, however, assists 
the reader to see that these curves are plotted on a "more than" 
basis. A chart of this kind is of great utility in making a study of 
wages. It may be noticed, for instance, in the cur\'e for laborers, 
that there is a very decided change in the shape of the curve at about 
$9.00 per week. Only 62 per cent of these laborers make more than 
$9.00 per week and but 80 per cent of them get more than $5.00 per 
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Fig. 155. Chart Showing What Percentage of flie Wage Earners in Different Portions 

of the United States Receive More Qian any Specified Amount of Earnings up to 

Twenty-Five Dollars per Week 

Here the scales are conwlly aiT»iigo<! so that the two zeros appear at the lower left-liand iirnier. TTie 

|)1ottint; uf thrae runes on a "iiiori' than" basis causes curws vhti-h show the larjiest eamin^ts tu appear 

in their proper piisilioD toward thL- l[)p[>f Ihe chart. Plotting of cumulative frequency curves on a "more 

than" Inuis is usually desirable, since it reducea the chanc-es fur confiLsion to thi' reader. This chart 

could have been improved if the words "more than" and an arrow had been placetl at the lowI^r lett- 

hajld cumcr on the general scheme of Fig. 13)i 
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Fig. 156. Comparison of Actual Weekly Earnings in Different Departments of a 

Large Industrial Plant Shoiring Percentage of Men in Each Deparbnent Receiving 

More than Any Specified Amount of Earnings per Week 

Thus illustration was made by photographing directly from the universally ruled paper shown also in 

Plpirrs 57, 103, 130 and 134. The scales and the different titles were put on the paper with a typewriter. 

Lark of steady work caused many of the laborers to get the very small earnings shown by the upper 

portion of the curve marked " L^borerii " 
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week. The fact that 20 per cent of all the laborers earn less than 
$5.00 per week is due to interniittent employment given laborers in 
this particular business. As $5.00 per week is not a living wage for 
any man, the shape of the cumulative curve for the laborers at once 
points out the desirability of some change in management by which 
fewer men might be employed and all the men employed more steadily 
than indicated by the curve for laborers in Fig. 156. Since all the 
laborers were paid the same rate per hour, the only possible explana- 
tion of the fact that a large number of men earn as little as $5.00 per 
week must be that the laborers were not employed continuously. 
More continuity of employment for a smaller number of laborers 
would, in this particular case, have resulted in more money being 
paid on an average to each man, so that the men would, to all essential 
purposes, have received an increase in pay even though the hourly 
wage rate were not increased. 

Though that portion of the curv^es for the office forces seen at the 
upper left comer of Fig. 156 appears somewhat similar to the curve 
for laborers, the low earnings of a large percentage of the office force 
were due to the employment of office boys and other young employees 
who would have a fair chance to get a good training and grow up 
with the business. Therefore, the curves for the office forces need 
not attract the same attention as the curv^es for the laborers, who 
are all full-grown men having comparatively little chance for promo- 
tion. 

The quick change at $11.00 per week in the shape of the curve 
relating to the foremen and clerks is due to the fact that some of the 
foremen in this business are paid by the hour and not by the week. 
That some of the foremen receive as low as $6.00 per week and that 
only 93 per cent of the foremen receive over $11.00 per week is due 
to the fact that some of the men were off because of sickness or on 
leave of absence. If the attendance of these men were more regular 
the curves would not have such a decided peak at $11.00 per week. 
Though Fig. 156 has been plotted on a "more than" basis, the reader 
may, if he wishes, read it on a "less than" basis by referring to the 
right-hand scale which has zero at the top instead of at the bottom 
of the page. 

Fig. 156 was made directly from typewritten copy with only the 
curves and the marginal lines drawn in by hand. This same uni- 
versally ruled paper has been referred to elsewhere as being con- 
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venient for general use. Here the paper is used to indicate 100 per 
cent in the vertical direction, and the horizontal scale is chosen for 
data unrelated to time. 
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Srie of Order in Number of Piecos 

Fig. 157. CumulatiTe Frequency Curve Study of the Niunber and the Size of All 
Chders Handled During a Ten-days Test in a Certain Kind of Freight-handling 
Work 

The ordtra are sorted into varioiu rlassos or fcroupt aixwrding to the number al pieces called for by puch 

order. The limits for the various classes were fixed by the exerrise of a Utile judgment and are shoH-n 

by the \'ertical lines on the chart 
Curve "D" ahowa by anuill circles the actual number ot orders found in each BTOup. The curve is read 

from the right-band scale 
Curve "C" shows by small circles the total number of pieces (or packages) carried by the ^'arious orders 

which arc found in each group. Curve "C" is read from the left-hand scale 
Cun-e " A " shows the percentage of the total orders handled which contain more than any given number of 

pieces col)si<lered on the htffiionlal scale of the ciiart 
Cun-e "H" shows the percentage of the total number of pieces carried by those c)rdera containing more than 

any given number of pieces considered on the horizontal scale iif the chart 
Cur^-es "D" and "A" refer to the numljer of ordera or the amount of clerical work while curves "C" and 

"B" relate to the number of packages handled or the actual volume of business ttansaelnl 

In Fig. 157 we have an application of the cumulative frequency 
curve to a class ot work which would be extremely difficult to under- 
stand if the graphic method were not used. In handling large quan- 
tities of freight the different orders cover many diverse kinds of ma- 
terial, and the jobs vary from one package up to many thousands of 
packages on one order. The pieces or packages referred to here may be 
anything from a single casting weighing 20 t<ms to a shipment of canned 
goods with 5,000 boxes or cases on a single shipping order. In the 
long run, however, the different classes of goods could be averaged, 
and it will be foimd that in any one locality there would be but slight 
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change from year to year in the average size or weight of package 
handled. The average weight of package might happen to be 150 
pounds, and, considering a whole year, there would probably be very 
little change in the average weight from month to month. Thus, for 
our purpose here, the term "piece" or "package'' refers simply to 
the average package handled in different divisions or departments 
of the work under consideration. 

In order to obtain the data regarding the orders referred to in 
Fig. 157, Fig. 158 and Fig. 159 the order slips are sorted into different 
piles according to some definitely thought-out plan by which there would 
not be too many or too few orders in any one class or size group. A 
little preliminary trial work in sorting would show the best places to 
set the class limits for sorting the orders into separate piles. After 
the orders have been separated into piles, it is a simple matter to count 
the number of orders in each pile to obtain the data from which curve 
"D" is plotted. It will be noticed from the shape of the curve that 
the upper and lower limits for each class are well selected so that there 
is a fairly uniform decrease in the number of orders in each group as the 
size of the orders increases. The order slips in the different piles sorted 
according to the size of the order are taken to an adding machine, and 
addition made to obtain the total number of packages carried by the 
combined orders found in any one pile or class. This gives the data from 
which curve "C" is plotted. Though curve "D" shows a constantly 
decreasing number of orders as the size of the orders becomes greater, 
curve " C " proves that there is an increasing number of packages 
handled as the orders grow larger toward the right-hand side of the 
chart. 

Though there are not so many orders of large size as of small size, 
the small numbers of large orders nevertheless carry many more packages 
than the large numbers of small orders. The executive is, of course, 
interested in revenue and, for revenue purposes, as mentioned above, 
all packages may be considered of the same size. Revenue obviously 
depends upon the number of packages handled, rather than on the 
number of orders handled. Curve "C", then, shows at a glance that 
the small number of large orders are of much greater interest to the 
financial manager than the large number of small orders. 

Fig. 157 shows that during the ten-days test period there were no 
orders in this particular class of work which exceeded two hundred 
packages. Curves "D" and "C", though interesting, do not show all 
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the information which is desirable from the standpoint of management. 
In order to show up the facts more clearly, curves "A" and "B" are 
plotted from the same data as curves "D" and "C respectively. 
Curve "A" is plotted on a cumulative basis by the same general method 
used for Fig. 150 and Fig. 151. The total number of orders for the 
whole test period is first obtained, and then the cumulative number 
adding up to any class-limit line on the horizontal scale of the chart is 
plotted as a percentage of the total number of orders. Curve "A" 
joins the zero line at 200, showing that none of the orders was larger 
than 200 packages. We can see instantly that, because of the large 
number of small orders, only 22 per cent of all the orders handled were 
larger than twenty-five pieces per order. Only 13 per cent of all the 
orders handled exceeded fifty pieces per order. Also, by reading from 
the vertical scale opposite the figure for 50 per cent, we can see at once 
that only half of all the orders handled carried more than twelve 
packages. 

In a manner similar to that used in making up curve "A", the cumu- 
lative curve "B" is made up from the data relating to the number of 
packages shown in curve '* C ". It may assist the reader to follow these 
charts if he keeps clearly in mind that curves "D" and "A" relate to 
the actual number of orders of various sizes, while curv^es " C " and "B " 
relate to the number of packages, or the amount of total business car- 
ried by orders of various sizes. In other words, curves "D'* and "A*' 
relate to the amount of clerical work needed, w^hile curves "C" and 
"B'* show the actual amount of freight-handling labor involved and 
measure the amount of revenue earned. Curve "B" thus shows that, 
though there are not many large orders, about 69 per cent of all the 
revenue comes from those orders which contain more than twenty-five 
packages. Fifty-six per cent of the business (and the revenue) is. due 
to orders containing more than fifty packages. Twenty-nine per cent 
of all of the revenue comes from orders containing more than one hun- 
dred packages, yet none of the revenue for the ten-days time considered 
came from orders larger than two hundred packages, since there were 
no such orders during the period. 

It is by reading curves "A" and "B " in conjunction with each other 
that the manager may obtain the greatest information relating to his 
business. Considering first the orders which contain more than ten 
pieces, curv^e "A'' shows that 55 per cent of the orders contain more 
than ten packages, while curve "B" shows that 91 per cent of the reve- 
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nue comes from those orders which are larger than ten pieces each. In 
other words, the manager, because of handhng so many small orders, 
is doing 45 per cent of the total clerical work in order to obtain 9 per 
cent of the revenue. Since clerical work depends chiefly on the number 
of separate orders, the manager would be able to reduce his clerical 
work on this particular class of orders somewhere near 45 per cent if 
he would refuse to handle orders of less than ten packages, and, by such 
a decision, he would lose only 9 per cent of his revenue. For most 
businesses, it would pay handsomely to neglect entirely 9 per cent of 
the revenue if 45 per cent of the clerical work could be avoided. In 
freight handling, the w^ork is of course mostly under the jurisdiction 
of the Interstate Commerce Commission, so that even if the manager 
should wish to refuse orders of small size, he would not be permitted 
to do so. 

Though the small orders must be handled to give service to the 
public, a chart such as Fig. 157 is nevertheless of very great assist- 
ance in pointing out the actual conditions existing. Wlien it is 
seen what a large amount of clerical work is involved in handling 
orders which produce only a small portion of the revenue, thought 
could be given to the methods of handling small orders so that the 
small orders may not cause any more expense than absolutely neces- 
sary. Usually it is possible to handle small orders in a different man- 
ner from the large orders, and, if the true situation is thoroughly 
understood, small orders may possibly be handled by methods which 
will result in much less loss than would be incurred if small orders 
are handled by the same methods used for large orders. 

One may see from Fig. 157 the percentages of orders and of business 
or revenue for any size of order which it may be desired to consider. 
Thus, taking orders which contain more than twenty-five packages, 
it can be seen that 22 per cent of all the orders contain more than 
twenty-five packages and that these orders carrj'^ 69 per cent of the 
total business and bring in 69 per cent of the total revenue. Though 
these orders of over twenty-five packages do not involve a large amount 
of clerical work, they nevertheless bring in such a large percentage 
of the revenue that any dividends from this particular department 
must probably be paid from the revenue brought in by orders in excess 
of twenty-five packages each. 

The general methods used in plotting Fig. 157 have been con- 
sidered at rather great length because it is felt that a chart of this 
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lig. 158. Cumulative Frequency Curve Study of the Number and (be Size of All 
Orders Handled During One Week in a Certain Kind of Freight-handling Work 
Carried on in Two Closely-related Departments 

Curve "H" shows by small circles the actual number of orders found in esch siie-of-ordpr-class. Note that 
at the left of the chart there are numeroua orders shoBii in each class e\'cn though here the limits of 
each class have been purposely made very close together 

Curve "B" shows the percentage of the total orders handled which contain more than any given number of 
packages considered on the horizontal scale of the chart 

Curves "A" and "C" arc similar to curve "B" and show subdiWsions of the total number uf orders accord- 
ing tu which o[ two related departments bandied the work 

Curve "F" corresponds with curve "R" but shows the percentage of the total number (rf pieces carried by 
those orders containing mure than any given number of pieces considered on the horizontal scale of the 
chart 

Curves "G"and "E" are slmiiortocurA-e"F" and show subdivisions in the total number of pieces accord- 
ing to which of two related departments handled the work 

One sub-department of the business handled the orders portrayed by Curve "A" and Curve "E". The 
other sub^Jepartment handled orders portrayed by Curve ■'('" and curve "G". The combined work 
of the two departments is shown by Curve "B" and Curve "F" 

The percentage of the tolnl number of orders handled in each of the two different depaKmcnts, up to any 
size of order read on the horizontal scale, may be seen by ctmaidering the distances on the chart above 
and below Curve ■■D" 

kind can be of service in a sales analysis for almost any kind of busi- 
ness. A company selling fairly uniform products — shoes, for example 
— could use for the horizontal scale the actual number of pairs of 
shoes contained on various orders received tor the test period of, say, 
a week or a month. Companies having a diversified product, as elec- 
trical machinery, could best make a chart of this kind by basing the 
horizontal scale on the actual value in dollars of the various orders 
received. Thus, the scale could be made for orders in sizes larger 
than $50, $500, $1,000, etc. If charts are made for different depart- 
ments, very interesting comparisons could be made which would bjing 
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out information valuable to a corporation executive. Department 
stores might also have use for charts on the general plan of Fig. 157. 
Different departments could be considered by the number of orders 
of various sizes. As the margin of profit in different classes of goods 
in different quantity sold would be fairly well know^n, the manager 
could get a good idea as to how much of the time of his sales force 
was occupied in handling small orders, and how much in handling 
large orders. 

Fig. 158 is drawn on the same general scheme as Fig. 157. In 
Fig. 158, however, we have the additional complexity that the freight 
under consideration must be handled by two distinct departments 
working in very close harmony with each other. As there is a dif- 
ference in the cost of doing the work handled by the two departments, 
the chart was purposely so drawn as to show the number of orders 
and the number of packages handled by each of these two distinct 
departments which together do all of the work under consideration. 
Curves "B" and "F'* show respectively the percentage of orders 
and the percentage of business handled as a whole. The other curves 
show the relative proportions of the orders and the business done by 
the two departments. The position of the curves on the chart gives 
a fairly clear idea as to whether the first department or the second 
department handles the larger number of orders and the larger per- 
centage of the actual business. 

In Fig. 153 it was shown that, because the curves were plotted 
on a "less than" basis, the curve showing the smaller length of time 
appears at the top of the chart, when one would naturally expect to 
find the smaller quantities of time recorded relatively toward the 
bottom of the chart. In Fig. 158 the data are plotted on a "more 
than" basis, and the curves are seen in their proper relation to each 
other. Since the reader knows that the chart is plotted on a "more 
than" basis (as can be seen by the words "more than" at the lower 
left-hand corner of the chart), he may know instantly that the curves 
relating to the two different departments show in their correct rela- 
tion to each other. Curves "G" and "C" relate to one department, 
while curves "E" and "A" relate to another department. Curve 
"C" appears above curve "A" on the chart, and the reader may ac- 
cordingly know without detail study that the department to which 
curve "C" relates handles larger orders than the department to 
which curve "A" relates. In a similar way, the upper portion of the 
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chart shows that the department to which curve "G" relates handles 
a larger percentage of the total number of packages and produces a 
larger percentage of the revenue than the department to which curve 
"E" relates. If this chart had been plotted on a "less than" basis 
instead of on a "more than" basis, the position of these two curves 
giving detailed information for the main curve "F" would be exactly 
reversed, with curve "E" appearing above the heavy line "F" and 
curve "G" appearing below the heavy line. 

It is perhaps well to point out an error in drafting which occurred 
on Fig. 158. The information most needed relates to orders containing 
less than three hundred packages each. It was, however, desired to 
show on the chart that none of the orders contained more than five 
hundred packages, and the right-hand portion of the chart is accord- 
ingly shown with a break, indicating that a section has been omitted. 
As a general rule, when making a break in a drawing in this manner, 
the two portions on either side of the break are made exactly as though 
a piece of paper had been torn out of the middle of a drawing made 
large enough to include the whole chart. Fig. 158 is incorrectly made 
in that the curve lines to the right of the figure 300 on the horizontal 
scale have been drawn pointing down toward the right-hand corner 
of the chart where they show at the left of the break. These lines 
would not appear this way if a piece of paper had been torn out of 
a large-size chart. The curv^e lines should have continued up to the 
break in the drawing more nearly on the slope seen in the left-hand 
portion of the chart. The lines for curves "G", "F" and "E" would, 
if correctly made, show much less slope also at the right of the break 
where they lead down to the lower corner of the chart. This error 
is mentioned here simply that the reader may have some guidance 
if he finds it necessary to make charts including a break, similar to 
that shown in Fig. 158. 

It is customary in cost-keeping work to make costs which show only 
an average of the cost per unit, on an average for all orders completed 
during a period of time, say one month or one year. Though this 
method of averaging all orders together without respect to the size 
of the order is sufficiently accurate for many purposes, there are times 
when such a method may gravely mislead an executive. It is almost 
invariably true that small orders cost more per unit of output than or- 
ders of large size. A man who makes a selling price for his work on 
the average cost of small orders and large orders combined may be 
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losing money unnecessarily, because he does not realize the true cost 
of work when it is done in only small quantities on different orders. 

Fig. 159 proves the great variation in the cost of doing the work of 
handling a certain class of freight. The position of the dots on the 
chart shows that work done in orders of only twenty-five packages 
costs over twice the average for orders of four hundred or over. In 
keeping track of the cost of handling freight of different kinds for a 
large steamship terminal and warehouse company it was found im- 
possible to get reliable cost figures by averaging, day by day, the labor 
cost of handling freight for preceding days. On some days all the orders 
for one commodity might be small orders, and on the next day a very 
large quantity of that same commodity might be handled all in one 
large order, so that a gang of men could work steadily all day on that 
one order. Naturally if a large gang of men work all day on one order, 
the cost per package handled would be very much less than if several 
different gangs were used in handling numerous orders of only ten or 
twenty-five packages each. In order to get a clear view of what was 
actually happiening, considerable study was given to the problem and 
the method shown in Fig. 159 is the result. 

It was decided to make a pin board about 24 by 30 inches, on the 
general scheme seen in Fig. 159, by which separate orders could be 
shown on the chart by a dot to represent each order handled. As it 
was desired to keep continuous records for the chief commodities, it 
was not feasible to make ink marks for it would then be necessary 
to start over again frequently with a completely new sheet of paper. 
To overcome this difficulty, short pins were used having spherical 
glass heads only V32 inch in diameter like those seen at the right in Fig. 
186. The co-ordinate paper for the chart itself was mounted on three 
layers of corrugated straw-board, having the ribs of the middle layer at 
right angles to the ribs of the two outside layers, as described in Chapter 
XII. A binding of gummed cloth-tape around the edge of the board 
gave a neat appearance and assisted to preserve the boards during 
rough service and long use. These boards were very light, yet remark- 
ably strong on account of the corrugations running in both directions. 

One cost clerk could not possibly figure out the cost of all orders 
and all commodities handled each day. The cost method was more 
in the nature of an automatic inspection system or check, so that the 
general efficiency of the work done by numerous gangs and hundreds 
of men could be judged by what might be called occasional analyses 
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taken at random. Because of the numerous commodities which were 
handled on which it was desirable to watch the cost of freight handling, 
the cost clerk figured the cost of any one commodity perhaps only one or 
two days in a month. Each morning the cost clerk would sort out 
all the la.bor tickets relating to some one particular commodity which 
had been handled on the preceding day. The cost per package would 
be figured up for each order ticket and, in the board reserved for that 
particular commodity, a tall pin would be placed for each order com- 
pleted the preceding day, showing by the position of the pin the number 
of packages on the order and the cost per package of handling that 
particular order. In considering the pin marked 8 at the right of Fig. 
159 we can see that it represents an order for 900 packages and that the 
cost per package was 1.1 cent. After some time in operating a pin 
board the position of the various pins on the board would show in the 
general form of a curve, and would indicate the cost of handling freight 
of that particular commodity in lots of different sizes. Since commodi- 
ties received from ocean ships are usually packed in some standard 
size of bales, boxes, or bags, the pin method of charting cost is a remark- 
ably reliable one. 

The pin board can be of great assistance to the general superintend- 
ent. As the cost of handling certain orders for certain commodities for the 
preceding day is known about eleven o'clock each morning, the super- 
intendent can look over the boards and note the special tall pins which 
show the exact cost of various orders handled. Thus, a superintendent 
seeing a board of the kind described would know that on the preceding 
day those orders had been completed which in Figure 159 are shown by 
numbered dots. His attention would be drawn at once to the orders 
represented by dots numbered 4, 5, 6 and 8. These dots show costs 
much above the average cost recorded for orders of those sizes. The 
cost clerk could furnish the order numbers of these particular orders 
and could also give the names of the foremen who had been in charge 
of the work. The superintendent could then ask for an explanation 
as to why these orders had cost much more than the work should have 
cost for lots of the size handled. Considering dot 6, notice that the 
average cost for 500 packages is about . 80 cent, but the order repre- 
sented by dot 6 cost 1.50 cent per package, almost twice what it should 
have cost. Though dot 4 shows considerably above the average dots 
for 100-package lots, the percentage excess is not so great as in the case of 
dot 6. Dot 4 shows a cost of about 2.20 cents, while the average cost 
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for 100 packages is about 1.25 cents. What the superintendent wants 
to know is the percentage excess in the cost above what the chart shows 
should be the normal cost for any number of packages under considera- 
tion. The chart brings out this information very clearly. Since the 
superintendent can take the matter up with the various foremen before 
noon of the day after the work was completed, the foremen soon get 
the feeling that the superintendent knows what the cost should be, and, 
if anything happens to prevent work being done cheaply and quickly, 
the foremen are likely to report the conditions at once to see if assistance 
can be given them so as to keep the cost low. 

After the superintendent has seen the pin boards each morning, the 
long pins represented by numbered dots in Fig. 159 are removed and in 
their places are put the short glass-head pins having shanks so short 
that the pins may be pushed into the straw-board until the head of the 
pin touches the co-ordinate paper. The pins are then quite secure, 
and the boards may be worked upon and handled month after month 
without danger of the pins becoming lost from the boards. The 
ordinary type of tall pins or tacks used with wooden boards would not 
be at all satisfactory*^ for this class of work, as it would be impossible to 
work with such boards containing thousands of tacks without knocking 
the tacks loose, so that they would be in a continuous process of becom- 
ing lost — much to the detriment of accuracy and to the disgust of a 
cost clerk. The short glass-head pins pushed in until the heads touch 
are very convenient and they give a thoroughly accurate record. 

As above mentioned, cost boards of the kind described would not 
be satisfactory if made with ink dots because the boards would soon 
have so many dots that information would be no longer easily obtain- 
able. By using the glass-head pins it is feasible to change the color of 
glass heads used on any board each six months. The position of the 
pins of different color would then show clearly whether work was being 
done more cheaply than it had been done in preceding periods of time. 
Thus, if any particular campaign were made to reduce the cost for 
small orders by handling small orders on some different method from 
that previously used, the pins near the left-hand side of the board might 
appear considerably lower down on the chart than the pins of the color 
which had been used in the six months preceding the change in method. 

When the board gets so full of pins as to make the pins crowded it 
is a very simple matter to remove from the board all of the pins which 
were inserted in the most remote period of time. Thus, it might be 
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found feasible to keep on the chart pins relating to four different periods 
of six months each, so that every six months one color of pins would be 
removed from the board and the pins removed would be those which had 
been placed in the board two years previously. A board would then 
show at all times the record of cost in handling this particular commodi- 
ty during the last two years. Boards used where pins must be put 
in and taken out very often may be faced with cork composition so that 
the pin holes may injure the surface as little as possible. Where pins 
are not to be changed very frequently, the straw-board covered with a 
layer of cloth before the co-ordinate paper is mounted will be found 
entirely satisfactorv. 

In the upper portion of Fig. 159 is sho\\Ti a summary chart of the 
data contained on the pin board itself. Curve *^C" is a smooth curve 
drawn through the center of gravity of all pins on any vertical line 
which shows the size of order. It w^ill be noticed that the cost decreases 
very little when orders become larger than three hundred packages, 
but for this particular commodity with the methods of handling used, 
the cost increases rapidly as orders decrease below three hundred pack- 
ages. Knowing the revenue obtained for doing the w^ork, it is a simple 
matter to determine from the curve the smallest size of order of this 
commodity which can be handled under average conditions without 
incurring a loss. If the revenue for Fig. 159 were 1.5 cents per package 
it could be seen at once that (since the overhead expenses are not con- 
sidered) there must certainly be a dead loss on orders containing less 
than sixty -five packages each. If the overhead expenses are taken 
into account as well as direct labor, there would be shown a loss on 
orders of larger size, probably up to one hundred or one hundred and 
fifty packages. Assuming that a loss occurs on all orders shown on 
Fig. 159 up to the size of one hundred and fifty packages per order, 
the number of dots to the left of the line for 150 on the horizontal scale 
indicates just how great the total monetary loss w^ould be. 

Curve "A" in Fig. 159 shows the percentage of orders which contain 
more than any specified number of packages selected on the horizontal 
scale of the chart. Curve "B" shows the percentage of the total 
packages which are found in orders containing more than any specified 
number of packages selected on the horizontal scale of the chart. 
Curve "A" indicates the amount of clerical work involved, and curve 
*'B" shows the amount of actual labor and the amount of revenue in 
exactly the same manner described for Figures 157 and 158. 
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Curves "A", "B" and "C" are shown in Fig. 159 only by way of 
proving the utility of the pin-board method of keeping costs where there 
is a large variation in the size of the orders worked upon. The illustra- 
tion shows these curves superimposed on the pin board only to save 
^ space in printing. 

In Fig. 160 is shown a 
chart which may help to 
make clearer the general 
principles used in drawing 
the charts seen in Fig. 157, 
Fig. 158 and Fig. 159. Fig. 
160 shows the appearance 
of the curves if there are 
the same number of orders 
in each class or group and 
if all classes or groups are 
of uniform size. It makes 
no difference in the shape 
of the curves how many 
orders there may be if those 
orders are always uniformly 
distributed throughout the 
whole length of the hori- 
zontal scale of the chart. 




Fig. i6o. Chart to Show the Theoretical Shape 
of Cumulative Curves for the Perceatage of 
Total Orders and the Percentage of Total 
Business if There Is a Uniform Number of 
Orders in Each Class or Group 

It nukes ao differenoe in the shape (^ the curves, as long aa 

all oUssea contain the same mimber of orders, whether there 

is one order or one thousand orders in each class between 

vertical lines 
The straight line shows the percentage of orders which co 

more than any given number of pieces considered o 

horiioiitat scale of the chart 
The curved line shows the percentage of the total number of Ti. 1 J 1 1 1 

pi™, cTiri b, ih. oriTn .S confm mon, lim .ny 1* would pcrhaps havc been 
gi™ number oi pi™, «>"Mm<l on lb. boriraul mk better if Fig. 160 had been 

If there is not the same number of orders in all groups or Kones 

the curves will lake some other shape and the shape will SO dfaWn that the length 

depend on the peculiar distribution of orders as may be , ,, , . , , , , 

seen in Fig. 157, Fig. 158 and Fig. 159 OI the Vertical SCalC WOUld 

be the same as the length 
of the horizontal scale. The actual shape of the curve line referring 
to the percentage of business or the percentage of the total number 
of pieces would then be tree from any possible distortion which it may 
have received because of the vertical scale being of less total length 
here than the horizontal scale. 

It is especially interesting to compare Fig. 160 with Fig. 159. 
In Fig. 159 the reader may easily see for himself that there are many 
more small orders than there are large orders, because the pins are 
largely concentrated toward the left-hand side of the chart. It is 
this concentration at the left-hand side which has so greatly affected 
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the shape of curve "A'* and curv^e *'B" in Fig. 159. By comparing 
Fig. 160, we can see that if the distribution of orders in Fig. 159 had 
been uniform, curve "A'* would have been a straight diagonal line 
and curve "B'' would have been a curv^ed line bowed upward instead 
of bowed downward. 

Though Fig. 161 
somewhat resembles 
Fig. 160, it is never- 
theless constructed on 
an entirely different 
plan. In Figs. 157, 
158, 159 and 160 the 
independent variable 
related only to size 
of order. For charts 
of the type shown in 
Fig. 160 the inde- 
pendent variable is a 
percentage. The de- 
pendent variable is 
also expressed as a 
percentage. 

Imagine the whole 
population placed in 
a long line and ranked 
according to income. 
The people in this 
line could be counted 
off into several equal 
groups so that each 
group would contain say 10 per cent of the total number. It would 
then be simple to compute the income of each group as a percentage 
of the combined income for all groups. The resulting group percentages 
would be plotted cumulatively as the dependent variable on a chart 
for which percentages of population would be the independent vari- 
able. Fig. 161 unfortunately shows the independent variable used 
for the vertical scale. A better arrangement may be seen by observ- 
ing the illustration through the back of the paper with the two zeros 
appearing at the lower left-hand comer. 
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— EQUAUTY PRUSSIA 1892. •••••PRUSSIA 1901 

M. O. Lorem, in the PvbHeatUms, the American Suitistical A$tn. 

Fig. i6i. Ctirves to Show the Percentages of the Total 
Poptilation of Prussia in 1892 and in igoi that Re- 
ceived Various Percentages of the Total Income as 
Considered on the Horizontal Scale 

If incomes were all equal the relation of population and income would be 
expressed by the straight diagonal line. The amount of inequality 
between various incomes b shown by the amount the curve diverges 
from the straight line. There was greater inequality of incomes in 
Prussia in 1901 than in 1892 
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Diagrams made on the scheme of Fig. 161 are of very great assist- 
ance in studying such matters as the distribution of wealth for any 
country. The subject of wealth distribution is so complex that unless 
data are expressed graphically there would be very serious difficulty 
in getting a true understanding and appreciation of the different 
factors involved. In Fig. 161 we have the curves for two widely sep- 
arated years plotted side by side, so that we may tell from the general 
shape of the curves whether the distribution of wealth is approaching 
uniformity of tending in the direction of great concentration in the 
hands of a few people. The more nearly the curve approaches a straight 
line the more nearly wealth is distributed uniformly among all the 



14 



le 



! 



10 







(0 



o 

O 

O 

(I 

<; o ^_ 

> \ -■-/— -' ' 

o 



(OOO spoo 



8000 lO.OOO 



spoo Apoo a^ooo ouooo 7.000 apoo 

Rortinq gf Truck in Pounds 
• Report by Oporortor a ELstimot^ by Manufacturer 

» Average reported Figure 

//. F. Thomson, Matgaehusetts Institute of Technology, Vehicle Research 

Fig. 162. Cost of Gasoline in Cents per Truck-Mile for Different Sizes of Motor 

Trucks 

Since motor trucks are rated by the manufacturers in multiples of 1,000 pounds, the dots representing the 
records of different trucks naturally fall on the lint»s spaced by 1,000-pound intervals on the chart. 
The solid line is drawn through points at the "winter of gravity" of all dots for any vertical line on the 
chart and represents the average (condition as reported by truck operators. The dotted line is drawn 
through points on the chart for data furnished by the manufacturer as his estimate of good practice 

A curve of this general type, proving a close relationship between two variables, may be called a correlation 
curve 
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members of the population. In Fig. 161 the line was more bowed 
in the later year than in the earlier year, and the conclusion may ac- 
cordingly be drawn that wealth in Prussia tended toward further con- 
centration in those years intervening between 1892 and 1901. 

In Fig. 162 a study has been made to see how the gasoline con- 
sumption of motor trucks varies in trucks of different sizes. The hori- 
zontal scale shows the rated size in pounds of the trucks under con- 
sideration. On the vertical scale, the cost of gasoline is given in cents 
per car mile. The data of the different motor trucks were indicated 
by separate dots on the chart. The solid line was then drawn through 
a point which represents the center of gravity of all the dots on each 
vertical line. The total number of dots on this chart is rather small. 
Too much dependence cannot be placed in the resulting curve, as 
special conditions may have affected some of the records so as to 
cause the dots to be misleading. Thus, considering the two dots 
which are given for trucks of 2,000-pounds capacity, it will be noticed 
that both of these dots are far below the position on the chart which 
one would expect the average to occupy if one should judge by the gen- 
eral tendency of the curve as a whole. It may have happened that 
the particular trucks which these two dots represent were run with 
very light loads, thus making the gasoline consumption lower than 
would naturally be expected for trucks of that size. In Fig. 162 the 
object is to determine what relation, if any, exists between the cost 
for gasoline and the size of the truck. 

"Correlation" is a term used to express the relation which exists 
between two series or groups of data where there is a causal con- 
nection. In order to have correlation it is not enough that the two 
sets of data should both increase or decrease simultaneously. For 
correlation it is necessary that one set of facts should have some defi- 
nite causal dependence upon the other set, as seen in Fig. 162. 

Correlation studies can frequently be of assistance in business prob- 
lems. A manufacturer of machinery has recently revised many of 
his manufacturing and selKng policies from the information obtained 
from a chart showing the relations of cost and selling price of his 
equipment to the actual size of the equipment. On the horizontal 
scale of charts used for this study the size of the apparatus was shown 
according to its actual working capacity. In a vertical direction a 
scale was selected for the cost of the apparatus and for its selling 
price. Dots were then placed on the chart in a manner similar to 
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Fig. 162, and a line was drawn on the chart through the different dots 
representing the factor^'' cost of the machinery. The Une was not at 
all straight and the chief executive spent much time in finding out 
why there were so many variations from uniformity. He found, 
among other things, that some of his machinery had not been re- 
designed for several years, and that the weight of material used was 
much greater than necessary when taking into account the greater 
strength of steel and iron made by modem processes. Though mate- 
rials of the modem kind were being used to a large extent in his ma- 
chinery, the weight of material had not been reduced and there was 
more weight of employed material than was actually necessary if new 
designs were made. Another cause for fluctuation in the curve line 
was found in the quantities in which the product was manufactured. 
Some sizes of apparatus were particularly suitable to the public, 
and on these sizes the quantities were much larger than on other 
sizes. The sizes more commonly sold were naturally better equipped 
with jigs and tools than other sizes, and for that reason the cost was 
lower than would otherwise be expected. After the cost curves had 
been thoroughly studied for different kinds of apparatus, the selling- 
price curves were drawn in on the same sheets. It was found that 
for selling prices, also, there were numerous inconsistencies which 
could be corrected with advantage to the company. Though some of 
the peaks and valleys of the selling-price correlation curves were to 
be expected, there was no justification for others and a little concen- 
trated study brought forth methods by which the selling-price curves 
could be changed materially with advantage to both the producer 
and the consumer. 

In the study of physics and of experimental engineering, there are 
many times when a correlation curve is of assistance in the discovery 
and understanding of the laws of nature. For Fig. 163, many ob- 
servations were made and recorded on a sheet of co-ordinate paper. 
After suflBcient observations had been made throughout the whole 
range of the horizontal scale, smooth curves were drawTi which would 
most nearly represent the various dots plotted. In drawing curves 
of this kind, care should be taken to have each portion of the curve 
as nearly as possible at the center of gravity of the dots in any vertical 
section of the chart. Accuracy is not necessarily obtained by having 
the same number of dots on either side of the curve. If there are 
only three dots at some vertical line, it may be that two of these dots 
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would be close together and their combined weight must be considered 
as compared with one dot which may be some distance away. As a 
simple rule, consider the dots in any vertical section of the chart as 
though arranged on a see-saw, as used by children, and then shift 
the point through which the curve line is to be drawn so that the 
see-saw will just balance evenly. 
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Fig. 163. Relation of the Rate of Heat Transmission to the 
Veloci^ of the Circulating Water in Surface Condensers 

Congelation charts of this type have sometime* been called "shot-gun diagrams " 
The investigator makes a dot for each observation recorded, and then judges 
from the arrangement of the dota whether there is any general law expressing 
a relation between the two variables studied 

Curves like those seen in Fig. 163 may be sketched in free-hand, 
or they may be much more conveniently drawn by using the irregular 
or so-called "French curves" which may be obtained in any store 
selling drafting instruments or artists' materials. As it frequently 
happens that an irregular curve available does not exactly fit the dots 
through which the curve line is to be drawn, care must be taken to 
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shift the irregular curve along and draw only short portions of the 
curve line at any one stroke of the pencil or pen. Care in shifting the 
irregular cur\-e will permit drawing a clean, smooth curve line, even 
though the irregular curve used is quite different in shape from the 
curve line which is drawn. 
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Fig. 164. Correlation Curve Showing Probable Span of a Daughter from Finger Tip 
to Finger Tip, for any Given Span of the Mother. 1^70 Cases were Studied 
in Making up thia Chart 

Here the doU for the 1.3T0 observations are not all ahown. The <lots seen represent the averages of all 
cases studied in eai^h l-inch range of mother's span arourding to the horizontal scale. The curve line 
is then drawn through these dots. Instead of using the curve line, the mathematical relation may be 
expressed by the formula D = M.IB + .473 M 

ITiis chart would have been easier to bterpret clearly if both the vertical and the honiontal scales be^n 
with the same figure, say 51 inches. Tlie reader is not apt to notice that the vertical scale here begins 
at 56 while the horizontal scale begins at 51 

Curves like those seen in Fig. 163 are properly drawn as smooth 
curves because they are based upon some definite laws of nature. 
It is only because of the crudity of the observations of mankind that 
the dots are so widely scattered. If human knowledge were sufficient 
to obtain measurements with exactness, curves for data relating to 
the laws of nature would fall exactly on points plotted according to 
the observations and there would be no difficulty in getting smooth 
curves. The curves in this book are nearly all plotted from statistical 
data for which there are ordinarily some hundreds of variables, of 
which many do not follow any definite laws of nature. For most 
statistical work it is much better to join the points showing the ob- 
servations by straight Hues without any attempt to draw smooth 
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curves. Smooth curves would by their smoothness imply a degree 
of accuracy in the data much greater than would ordinarily be justi- 
fiable. By using the straight lines instead of the smooth curves to 
connect points, the reader is warned that the chart represents facts 
as found, rather than facts which are assumed to be in accordance 
w^ith any definite laws. Where smooth curves are proper, as in Fig. 
163, it is feasible to have a mathematical formula to represent the 
shape of the smooth curve. As the determination of mathematical 
formulas to suit the shape of any curve is a whole study in itself, there 
will be no attempt to cover that subject in this book. 

Biologists have constant use for correlation curves. Fig. 164 
shows a curve used in the solution of a typical problem such as biolo- 
gists are constantly attacking. It was desired here to find out what 
laws govern the physical characteristics of the offspring when certain 
characteristics are found in the mother. In all, 1,370 cases were 
measured, both mother and daughter, to get the data from which 
Fig. 164 was plotted. All the cases were classed according to the 
span of the mother, with the class limits made 1 inch apart. A single 
point was plotted on the chart as an average for each class. A curve 
line was then drawn so as to represent most closely the data shown 
on the chart, and it is seen that the curve is a straight line. There were 
naturally fewer observations at either end of the chart, for the very 
small spans and for the very large spans, than for the intermediate 
spans. It was probably because of the small number of observations 
at either end of the curve that the dots there are so far aw^ay from the 
curve line. If more numerous observations were taken it is probable 
that all the averages would fall more closely on the curve line than seen 
in Fig. 164. 

The ordinary course of procedure in making a correlation chart 
is to plot all the observations by the method seen in Fig. 163. Some- 
times, however, the observations are so many as to make an extremely 
confusing chart if the observations are shown in the form of separate 
dots. In Fig. 164 the observations in any 1-inch class have been 
averaged and all the observations in one class are represented by a 
single dot. In Fig. 165 the dots would be very numerous, so numerous 
as to make it not feasible to show them on a small size chart. For 
Fig. 165 it was desired to show the maximum income and the minimum 
income, as well as the average income. Instead of showing all the 
dots on the chart, cross-hatching was used to represent the area in 



204 



GRAPHIC METHODS 



\^ mpi^ — 



¥ig. 165. Income of Graduates of Worcester Poly- 
technic Institute at Various Years After Graduation 

Instead of showing hundreda d dots to represfnl the dalA received from 
difTrrent graduates, the chart was simplified by shading the s 
"" ' shading thus 



' representing the raiige vl incomi 



IS shows the maid- 



incomes. Thi« general method is a worthy 



which the dots fell. The upper edge of the cross-hatching shows the 
maxinium of the incomes, and the lower limit of the cross-hatching 
shows the minimum of the incomes reported for different years after 
graduation. The reader can thus get the whole story at a glance 
without being con- 
fused by the com- 
plexity which would 
result if all the dots 
were shown. Atten- 
tion should be called 
to the fact that the 
curve of average in- 
come falls much 
closer to the bottom 
of the shaded area 
than to the top of the 
area. Thisfactshows 
that, though there 
are several graduates getting high salaries much above the average 
income, nevertheless, if all of the dots were shown, most of the dots 
would fall below the average line rather than above the average line. 
A few extremely large incomes near the maximum line of the chart could 
greatly raise the average line but still most of the dots would be found 
beneath the average. 

Fig. 166 is a very interesting correlation chart. Here a single dot 
has been used for each obser\'ation and the dots Are shown in the 
chart. Instead of showing each dot in its exact position, the dots 
have been grouped so that all the dots are arranged uniformly inside 
of stiuares formed by co-ordinate lines spaced 10 units apart in the 
scales for examination marks. Classification by class limits 10 units 
apart on the scale of marks is sufficiently accurate for all practical 
purposes, as is proved by the gradual change in shading on the chart 
as a whole. With few observations it might be desirable to show dots on 
the chart to actual scale rather than in classes by tens. 

Ordinarily a hne drawn like the hea\'y wavy line in Fig. 166 would 
be so placed that the points on the line would be at the center of 
gravity for the dots vertically on either side of the line. Here, however, 
the line is so drawn that there are an equal number of dots on either 
side of the line, at right angles to it at any point throughout its course. 
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Notice that in the upper portion of the chart the line shifts across the 
equahty Hne, showing that some of the more brilHant girls obtain 
higher marks in arithmetic than they do in English. The lower por- 
tion of the chart shows that the larger number of girls get considerably 
better marks in English than in arithmetic, and that this is a general 
condition to be expected. In the case of those girls who do well in 
both English and arithmetic, there seems to be improved facility in the 
field of arithmetic. 
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Fig. i66. Ezamination Marks Obtained by 9,396 School Girls in England 

Each girl is represented by one dot showing to soale the grade in English and the grade io arithmetic. The 
dots are anaQRed imiformly inside of squares formed by co-ordinate linea spaced ten units apart in the 
scales (or marks. The straight diagonal line dra»-n from lero shows equal ability in the two studies. 
■nie heavy wa\-y line is drawn through points having an equal number of girls represented on i 
side rf the line, and its position proves that girls have much more ability in English than it 



D arithmetic. 
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The data of Fig. IGO are shown by another method in Fig. 167. 
Though Fig. 167 appears to represent a solid model, there was in reality 
no solid model made in order to obtain this illustration. By using iso- 
metric paper a chart like Fig. 167 can be made with comparatively 
little work. Isometric paper has lines ruled on the paper right and left 
at an angle of 30 degrees to the horizontal. By selecting a vertical 
scale to portray by separate columns the number of girls represented 
in any square of Fig. 166, it becomes a comparatively simple matter to 
draw the illustration. The various necessary' lines can be drawn free- 
hand in pencil on top of the isometric co-ordinate ruling, until the chart 
is completed; then the various lines can be inked in to get the final 
effect seen in Fig. 167. The total number of girls represented in any 
column is shown by the figures at the top of the column. 




Daia of W. (inmcu In Cx Journal of Mr Ropal SUIUHtal SoclOf- 1' 

Fig. 167. Examination Marks Obtained by 9,396 School Girls in England 

This ill list rat i<in whs madi- from the same data aa Fig. 106. Here the DUmbrr of girls in any square U ahown 

by the height of the vertiral r»lumn drawn to scale. 
The ammgement of stales here is different from that io Fig. 166 as «-ill be noticed by observing the direotion 

of the UTows 
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The reader should note carefully that the scale arrangement of 
Fig. 167 is entirely different from that used in Fig. 166. In Fig. 166, the 
two zeros fall together as they ordinarily should do in chart work of 
this sort. In Fig. 167, however, the two scale zeros are not together 
and the reader is accordingly prevented from interpreting Fig. 167 
directly from the location of dots seen in Fig. 166. It would seem as 
though a better chart could have been made if the isometric chart, 
instead of being as in Fig. 167, had been arranged with the two zeros 
together. Such an arrangement would have permitted easier interpre- 
tation, for the reader would have secured a more close similarity 
to Fig. 166. Another possible arrangement which would have been 
better than that used in Fig. 167 would put the two 100 per cent marks 
of the scale together, with the zero marks at the diagonally opposite 
comers. A chart of this nature would show as two mountain peaks, 
one on each side, with a valley in the center. 

Where an actual model is desired more than an illustration, a very 
convenient, yet cheap, arrangement can be had by stringing beads on 
separate wires, each mounted in the center of ruled spaces, like those 
shown in Fig. 166. The number of beads on each wire can represent 
to scale the data for the particular square at the center of which the 
bead wire is placed. The heights of the columns of beads on the differ- 
ent wires would then show clearly the facts for any one section of the 
field in a manner similar to that of Fig. 167. The beads would probably 
be more generally understood by an untrained person than the isometric 
drawing of Fig. 167, and it is for this reason that the scheme is mentioned 
here. The arrangement by columns seen in Fig. 167 is satisfactory 
for the trained reader, but the separate beads on wires would probably 
give a less abstract impression, more easily grasped by the average 
person. 



Chapter XI 
MAP PRESENTATIONS 

MAPS marked, colored, or shaded in different ways, or used in 
conjunction with pins or other signals, form one of the most 
convenient means of conveying information. Such maps may 
be used to advantage in a surprising variety of ways, only a few of 
which can be mentioned here. 

Engineers who have with great labor prepared complete plans, 
specifications, and estimates for some proposed improvement are fre- 
quently disappointed that they cannot arouse enough enthusiasm in 
the proposed scheme to obtain the approval of the government or 
municipal ofiicials, or members of a corporation board of directors, who 
must vote in favor of the plan and appropriate the money necessary to 
carry it into effect. It is always diflScult to get non-technical persons 
to take an interest in proposals which are shown only by blue prints 
and ordinary maps. Architects realize this so well that it is common 
practice among them to submit carefully prepared wash-drawings to 
show the appearance of the building for which they are submitting 
plans. Most engineering work cannot be easily represented by wash- 
drawings, and the engineer is accordingly somewhat handicapped as 
compared with the architect in arousing interest in his project. 

Fig. 168 shows a picture developed by H. W. Holmes, Chief of the 
Bureau of Highways and Bridges, of the city of Portland, Oregon, to 
present his plans advantageously to the common council and the tax- 
payers to obtain their approval for the expenditure. A photograph 
of the actual site of the bridge was made, and then the picture of the 
bridge was drawn in by hand on the photograph. Most engineers 
submitting plans for an improvement of this kind would send only a 
set of blue prints and perhaps a map marked to show the location of 
the proposed bridge. A picture like Fig. 168 can be used in conjunc- 
tion with a map if desired. Certainly a proposition carefully worked 

208 



MAP PRESENTATIONS 



up and submitted, as was the 
proposed bridge shown in Fig. 
168, is more likely to receive 
favorable consideration than 
one in which only the ordi- 
nary blue prints and maps are 
used. 

If maps must be printed 
in a report, a book, or a maga- 
zine, it is usually necessary, 
on account of the high cost of 
color printing, to use some 
arrangement of black ink for 
shading those areas which on 
a single map would ordinarily 
be colored by hand. Fig. 169 
is a sampie of what can be 
done without the use of color. 
If the drawing Is made con- 
siderably larger than the fin- 
ished illustration, the shading 
can be put on effectively by 
hand work. Mechanical shad- 
ing by the Ben Day process, 
as regularly used by good en- 
gravers, gives excellent results 
but its use makes zinc cuts 
rather expensive. Many illus- 
trations in this book are made 
by the Ben Day process. Any- 
one wishing to know more 
about the possibihties of this 
process should look up Fig. 
233 or consult the engraver 
who is to make the line cuts. 

Often the matter to be 
presented calls for maps of 
a large size, which can be 
obtained only at considerable 
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Fig. 169, Drainage Area of the Canadian 
River, New Mexico 

Areas of ditTprent kinds may be distinguiahed ou maps 
by various classes of shading when color printing 

is not available 



expense. Sometimes only one 
map is available when a variety 
of plans must be presented. 
In such cases, it is not feasible 
to draAv plans for new con- 
struction work, or alternative 
working schemes, on the map 
itself, ilost draughtsmen put 
the map on a large drawing 
board and then draw the new 
constructions on separate sheets 
of tracing cloth. The tracing 
cloth is not very transparent, 
however, and it will not help 
greatly to get a project voted 
upon favorably if the plan must 
be presented to a board of direc- 
tors on tracing-cloth drawings 
with the map itself only very 
dimly visible through the trac- 
ing cloth. A much more effective scheme is to use a sheet of almost 
transparent celluloid made with a rough surface that will take drawing 
ink fairly well. The different alternative plans may then be drawn on 
the celluloid in colored inks, and the different sheets of ceiluloid super- 
imposed upon the map one by one as quickly as any executi^'e com- 
mittee or board considering the proposals may desire. The main 
difficulty with the celluloid metliod is that the inks will rub off if the 
celluloid is handled too much with moist hands. Ease of erasure has 
some advantages, however, for tentative schemes can lye rubbed out 
or changed at will, simply by using a damp cloth. After the final 
adoption of the plan, tracing cloth can be laid over the combined map 
and celluloid sheet, and the important features of both may be traced 
for blue-printing or for general reference later. Where maps must have 
constant use, it is sometimes convenient to have them mounted be- 
tween two sheets of clear celluloid. The celluloid-manufacturing com- 
panies are prepared to do this kind of mounting to order. 

Contrasts in map areas as shown in Fig. 170, by superimposing 
one portion of the world on top of another portion, or by placing two 
portions side by side on the same scale, are of considerable value. 
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In geography books, and in other places where maps are most com- 
monly seen, contrasted territories are frequently drawn to such dif- 
ferent scales that a true idea of their proportions cannot be obtained. 
The relative proportion can be indicated best when care is taken to 
have the several areas drawn to the same scale and placed in a good 
position for comparison. 

Fig. 171 is shown here only as an example of the almost unlimited 
range which the application of graphic methods may have. The av- 
erage person would never think of charting a football game, yet the 
graphic method certainly gives the information more concisely than 
could words alone. 

Fig. 172 will be recognized by many readers as similar in general 
scheme to the weather maps on which lines are drawn through all 
points having the same temperature or the same barometric pressure. 
Contour lines to show those points which are at the same height 
above sea level give another application of the same general method. 
Profile drawings similar to Fig. 173 are commonly used by engi- 
neers, but are not as well understood as they should be by others. 
The main feature of the profile chart is the very great difference be- 
tween the horizontal scale used "to 
mark distance and the vertical 
scale showing the height of the 
points represented. The vertical 
scale of Fig. 173 should have been 
shown on the chart. The heights 
stated for different cities give a 
fair indication of what the vertical 
scale is and a reader can, if he 
must, measure on the drawing the 
height for any city and from that 
determine to what scale the draw- 
ing has been made. As a broad 
rule, the scale should be indicated 
in an easily seen position on every 
chart, if the scale can be of assist- 

uj™ ,«„ Tt,- f —u e- * ^L awQ^e to any one besides the maker 
Fig. 170. The ComparatiTe Size of the '' 

Philippines of the chart. 
By dnwing Uie islands u» scale and in solid black Considerable time and ingenu- 

ou a map erf the eastern part o( the United . , .... 

sutes, tlw reiaUve siie is clearly brought out ity may be used in drawing Up a 
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Fig. 171. Second Half of the Harvard-Yale Football Game, November 23, 1913, 
Final Score, Harvard 20, Yale o 
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chart like Fig. 174 so that 
the facts which it is desired 
to prove may be brought 
out clearly. Numerous 
methods are available for 
presenting such data. 
There is no general rule for 
determining which method 
is the best, and judgment 
must be used to choose tlie 
method which is best fitted 
to each individual case. 
Note that in Fig. 174 we 
have a scale reading to 
quarters of a mile, and we 
also have circles promi- 
nently drawn on the map 
at one-mile intervals to give 
a clear idea of the distances 
involved. 

Though an illustration in the general method of Fig. 175 is at- 
tractive, and will effectively gain the attention of the reader, the 
method itself has alt the inherent weakness of Fig. 36, Fig. 37 and Fig. 
38 In Chapter til. If the reader wishes to practice some mental 
gymnastics, he may try to work out the ratio between the number 
of cattle In Idaho and the number of cattle in Texas. Though it 
cannot be made certain, it is probable that the chart was drawn on 




Fig. 173. Dates for Planting Com, Showing How 
the Season Advances in Different Parts of 
the United States 

This illustralion is siniilur to the well-known wcnthcr maps on 
which linca arc drawn thruugh all points where ounditions 
are the same 




Ht OftmOiii Com. Suftn it sn. Vru Vort 

Fig. 173. Profile of the Pennsylvania Railroad from Jersey Cify to Chicago. The 
Tabulated Figures Below tiie Profile Refer to the Spaces Between the Dotted 
Lines 

Thii is an example of a valuable method of preseDtAtion by which a horizontal scale much smaller than the 
vertical scale U used so that great distances may be represented in a small space 
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an area basis. For the purpose of a visual and mental test, the area 
basis may be used if Idaho and Texas are compared. 

The method of Fig. 176 is now quite commonly used in Govern- 
ment publications. This scheme for presenting data is not so striking 
to the eye as that of Fig. 175, but it is more accurate. The scale given 
with the map permits the number of cattle for any State to be read 
fairly accurately. The degree of accuracy depends upon the map 
size selected, and upon the number of dots used to represent any given 
quantity. The more dots used the greater the accuracy. There is. 




Fig. 174. Map Showing that Factory Workers of Norwood and 
OaMey (Cincinnati) Live Long Distances from Their Work, 
Many in the Heart of Cincinnati Rather than in the Sub- 
urbs Near the Factories 
The use of muoh hpavier lines on the smnll riiclea and the figures in theiD would 
have improved this chart. I^na or black-ink dota. each rcprcscaling say 20 
workers, would give a good result by using tlie method of Fig. 19S 

however, a limit to the number of dots which may be used, or the dots 
will of necessity be so small in diameter that the quarter circles will 
be impossible for the eye to distinguish. In Fig. 176 it would not 
be feasible to use a much smaller circle if the quarter-circles are used. 
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Fig. 175. Relative Distribution in the United States of Cattle Other than Daii? Cows 

Far popular prexentHtion. if great aocuracy ia unimporlsnt. this method of illustration would be diffioult to 
improve upon. It is not positiblp to get b t•o^^«^l pomparison belwevn any two States l)ecaii9e any one 
circle t'annot be fitttd visually into tlie area of another circle. Compare tic method used in Fig. 176 
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Fig. 176. All Cattle on Farms in the United States, by States, April 15, 1910 

Here a definite scale ia given wbieh pennits fairly arourute reading of the number of ivtlle for auy State. 
The visual contrast between States is also quite striking. Though not so clear-cut as Fig. ITS. this 
illuBttation has more accuracy 
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In making up copy for the line cut of Fig. 177 very little hand work 
was required. If an outUne map of suitable size is available, the only 
hand work necessarj' for a cut of this kind is in drawing the small 
circles and placing inside them the figures serving as key numbers 
for the shading used. The actual shading is done by the engraver 
making use of the Ben Day process. For information regarding the 
preparation of engraver's copy for plates on which Ben Day shading 
is desired, see Fig. 233. 
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Fig. 177. Potential Water Power in the Different States of the United States 

This b a splendid example of the controsU m sbading made possible by the Ben Day nievhuiical proccaaei 
of ellgra^'ilIK. Nine runtrastin(; ahadea inrrpAaing in darkness are used here with absolute distinctness. 
The small number in the eirtle uscii tti identity the shading is of great advantage 

There is one serious error which should be avoided in the inter- 
pretation of any shaded map hke Fig. 177. The key scale at the 
lower left-hand comer of the illustration shows that the different 
shades do not become darker by any uniform increase in horse power. 
The range included in shade number eight is 50,000 — from 50,000 
to 100,000. For shading number two, however, the range is 3,000,000— 
from 4,000,000 to 7,000,000. This numerical scale was badly selected, 
for the steps vary so greatly in size that the increasing degrees of shad- 
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Fig. 178. Yield of Com per Acre in the Eastern Part of the United States in 1900 

Here the data have been reci)rded by rounties rather than by States. This chart ia aa example of what 
any UraftamaQ may do by hand ahading. It would have been better to usr the Hmaller Dumbrn lo rep- 
resent the beat rank, as was done in f^- 177 
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ing, as they appear to the eye, mean practically nothing. States having 
shading number two could vary from each other in the amount of 
horse power by more than the whole quantity of power in States 
having shadings from three to nine inclusive. If the steps in the 
shading scale had been so made that there were nine increasing classes 
of shading, each representing 1,000,000 horse power, it can be seen 
that all the States here numbered five to nine inclusively would have 
the same shading. Such a map made with a scale of uniform steps 
would appear so entirely different from the map shown here that no 
one would ever recognize the maps to have been made from the same 
data. The selection of scale for maps of this kind is important in order 
that the map may tell a truthful story. Wherever feasible, the nu- 
merical scale intervals for colorings or shadings should be uniform. 
Frequently the data are of such kind that there is much concen- 
tration at some portion of the scale, but with important facts to show 
at other portions of the scale above and below the point of greatest 
concentration. It may then be desirable to use uniform scale-steps 
for the shading in the portion of the scale with greatest concentra- 
tion, and to have smaller scale-steps at either end or at both ends of 
the scale. In Fig. 177 small scale-steps would seem desirable for the 
lower portion of the scale. 

It will be noticed in Fig. 177 that the numbers denoting the shadings 
are arranged with the smallest numbers to represent the largest quanti- 
ties. This arrangement was made purposely. On a map of the kind 
seen in Fig. 177 there may be any number of different shadings, from 
one to a dozen or more. In order to simplify matters for the reader it 
seems best to assign the smaller numbers to represent those conditions 
which are considered most desirable or commendable. The reader may 
then see instantly which areas are first, second, third, etc., in rank 
simply by observing the figures inside the small circles. 

In Fig. 178, if it be assumed that there is a likelihood of corn crops 
going up to 60 bushels per acre, the scale intervals are shown as uniform. 
Fig. 178 is of interest chiefly because it shows what can be done by hand 
ruling when it is necessary to produce an illustration for a report in 
which an expensive cut by the Ben Day method cannot be justified. 

Fig. 179 does not do justice to the possibilities of the Ben Day 
method of shading. The cut w^as made by photographing a page of the 
Census Abstract which was printed on rather rough paper. With an 
original cut made directly by the Ben Day process the distinction 
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between the different shades would be considerably clearer than it is 
in Fig. 179. A cut of this size and complexity is rather expensive 
when the Ben Day shading is used. Anyone wishing a cut made with 
Ben Day work would do well to get a rough cost-estimate from his 
engraver before actually giving the order. 

It will be noticed in Fig. 179 that the numerical scale-steps for 
different degrees of shaHing are uniform except at the smaller end of 
the scale. It would probably not be wise to show as white area all 
of the land valued at from $10 to $25 an acre, since such land makes 




Fig. i8o. Height of the Houses in the Different Districts of Paris 

The scale fur this illiistnitioii should havp bwn indicated on the chart ao that actual numbers irf houMS 
could be read. The vertical dimension of the group of bars for eacli district ahonit the relative total num- 
ber uf houses. The huriiontal dimension showa the relative number of houses of each height by storiea 

up about half of the whole United States. A uniform scale varying 
by $25 per acre would give an erroneous impression regarding those 
important areas which contain land valued at less than $25 per acre 
but in which there is a large amount of farming. 

Map diagrams of the type shown in Fig. 180 are sometimes useful. 
There is danger, however, of making a chart of this kind so popular 
in character that it loses in accuracy. The utility of Fig. 180 is at once 
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Fig. i8i. Methods of Marking Maps When an Increased Density of Population 

May be Expected in Following Years 
Each shading can bi- made by adding with ii pen to the shading used tor the next lower density. Pins of 

different oolors placed in a niap huvi' an advanta)^ over this sdieme in that pins can be removed if 

population density should happen tu decrease 

limited by the fact that there is no key scale shown from which an 
exact numerical interpretation may be obtained. 

The scheme for indicating population density shown in Fig. 181 
is necessary only when very large and valuable maps are used. For 
ordinary purposes it would be better to have a new map for each Census, 
and then to use colored crayons on the different areas of the map, 
rather than to attempt the complicated scheme of Fig. 181. If, how- 
ever, a photograph must be taken periodically to produce line cuts 
showing the map in printed form on a reduced scale, colored crayons 
cannot be used and the scheme of Fig. 181 may be of great assistance. 
The result obtained by the method of Fig. 181 may be obtained by using 
map pins with spherical heads and pushing the pins in until the heads 
touch the map. The number of pins in any city block or district would 
indicate the population according to some simple scale. If it is not 
necessary to photograph the map, pins with different colors of heads 
may be used to show density of population. There is one very great 
advantage in using pins instead of crayons or the pen-and-ink system 
of Fig. 181. It sometimes happens that an error is made which may 
spoil a very valuable map because of the impossibility of erasure. When 
short pins are used instead of crayon or ink, an error can be instantly 
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Fig. 182. Map Showing 3,500 Miles of Completed and Proposed State Roads, ia 
New York's Proposed 12,000-Mile System. The Shaded Portion Shows a 
Strip Ten Miles Wide which Contains 90 Per Cent of the Taxable Valuation and 
80 Per Cent of the Population 

The object of the illustration ia to show the neoes»ily of a mad system that will teed froin the fanns to the 
densely settled portion, permit the quick and I'asy transportatioa of farm products to the cities, lessen 
the coHt of living, and thus justify the taxing of the State as a whole for the construction of this system 

corrected by pulling out pins. Also, if there should be a reduction in 
the density of the population, pins can be pulled out, whereas with the 
pen-and-ink method of Fig. 181 it is not possible to proceed backward 
on the scale of marking and a decrease can never be shown without 
making another map or marring the old one. 

In Fig. 182 is seen a good example of the graphic method applied 
to newspaper writing designed to convince the reader by specific 
argument. The presentation is verj'' effective. The shaded portion 
of the map shows a strip which contains 90 per cent of the taxable 
valuations and 80 per cent of the population. The possibilities for the 
use of maps in arguments of political or economic nature are almost 
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without limit. It is rather surprising that maps for such purposes 
have not been more generally employed. 

Though the map record sheet shown in Fig. 183 may appeal to 
some business men, there would seem to be little advantage in that type 
of sheet over tabulated figures in a column. The column arrangement 
would have a desirable feature in that diflferent entries could more 
easily be compared for size by judging the number of digits contained 
in each entrj'. 

The method shown in Fig. 184 can be widely used in map problems 
relating to any kind of travel over specific routes. In this particular 
case the map concerns the movement of freight. Maps of this tj'pe 
are very commonly used to show the number of passengers carried on 
different city transit lines. To make an illustration on the plan of 
Fig. 184, the width of each broad strip is carefully drawn to some scale 
representing the total quantity movement. A map like this is easily 
drawn yet it is very effective, particularly if colors are used for the broad 
strips while the route itself is marked by means of a black line in the 
center. 




Fig. 183. Blank for Recording Sales to Consumers and to Dealers, Abbreviated 
by the Letters "C" and "D" for Eacli State 

A bUnk like thii can be filled out daily, weekly, or montbly aa desired 
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Maps on the sclionio of Fig. 184 are made entirely in the plane of 
the paper itself. In Fig. 185 we have a map presentation in which 
cinantilies are represented by building vertically above the various 
routes laid out on the map. For the map of Fig. 185, the vertical 
representation was made by strips of wood, alternately black and white, 
glued carefully above each one of the street-car routes. Each of the 
strips of wood represents 4,000 passengers carried on the street-car lines 
in 24 hours. The model gives the whole transit situation with sur- 
prisingly great clearness, and a better presentation than this could 
scarcely be imagined. 




Fig. 184. Map Diagram Showing Freight-traffic Density and Diiection on tiie St. 
Louis and San Francisco Railroad for the Fiscal Year 1912-13 

leniia irf 1IK).0(M) ni't Ions hauled one niilr per mile of road. 

iftiH of ifry urcnt utility. The method can kIso lie used to show 
n niilnnd, subnuy, or atnvt-c&r lines, etc. Compare Fig. 18S 



The liKiin's I 

A iiiii|i nf Ihis kind ia 

the number of passengers tarried u 



The method used in the construction of the model shown in Fig. 185 
gives magnificent results, but wooden strips are not practicable except 
on a verj' spacious map. The wood-strip method also involves a large 
amount of time on the part of a skilled workman, and workmen to 




Fig. 1S5. Passengers Carried in Twenty-four Hours on the Street-car Lines of 
Frankfurt a M., Germany, ^ch Vertical Strip Represents 4,000 Passengers 

The map is about eight feet square. Strips of wood are glued above eacb street having a car line. This 

is an excellent presentAtiMi of facts 

!M6 
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do this class of work are not so easily found in the United States as 
in Germany. 

An excellent map of this general type can be made by using sheet 
metal, as aluminum or zinc, ruled or painted with lines or colored 
stripes representing the vertical scale to which the information is to be 
shown. Where two transit lines intersect the strips of metal can be 
riveted or soldered together. As aluminum is not easily soldered it is 
best to use zinc or tinned iron if solder is to be the means of holding the 
vertical strips to each other. In many cases solder is imnecessary, for 
the strips may be held vertically by notching each strip halfway through 
so that the strips can be interlocked in the manner shown in Fig. 236. 
By using sheet metal a much cheaper construction can be obtained than 
by wood strips. The sheet-metal method also permits the use of a 
map of much smaller size and finer scale than would be feasible if wood 
strips were the means of obtaining the necessary vertical height. 



Chapter XII 
MAPS AND PINS 

PIN MAPS have not been much used in the past, chiefly because 
a map pin which would give satisfactory service has not been 
available for common use. Until recently the map markers 
obtainable have been little more than old-fashioned carpet tacks having 
chisel-shaped points which cut the surface of any map into w^hich they 
were pushed. Tacks w^ith rough steel shanks cannot be pushed far 
into a map if the tacks are to be pulled out again. Also, rough steel is 
likely to rust so as to cause the whole tack to deteriorate rapidly. 

Cloth heads on the map tacks make it possible to have tacks in dis- 
tinct colors and plaids. The cloth tops, however, fade in the sunlight 
and collect dust so that in a short time the different colors of tacks on 
any map, exposed as a wall map must be, cannot be easily distinguished. 
The crudeness of the cloth-covered tack makes it unsatisfactory for 
many kinds of map work. Cloth-covered tacks are long, and long tacks 
which can be pushed only a short distance into the surface of a map are 
not satisfactory, for they are likely to drop out or be knocked off by 
any slight disturbance. 

Wall maps with long projecting tacks are not practical for office 
use unless protected by an expensive frame with a glass cover. As it 
is usually necessary to open up such a glass map-case to change the 
position of the tacks frequently, the construction of the case becomes 
unduly expensive. Without a glass cover a wall map with long pro- 
jecting tacks is likely to be damaged by the feather duster of the janitor. 

Even when maps with long projecting tacks are safeguarded by 
being placed in separate drawers of a cabinet made for that purpose, 
there is still a probability that some of the tacks will come loose from 
the mounting and rattle around inside of the map drawers. This is 
a point not realized by most men who install map and tack systems, 
but it usually sooner or later sounds the death-knell of the tack system. 
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Generally the tacks are placed in the maps one by one as agencies are 
established or as data are obtained from correspondence. After the 
correspondence by which each tack was located has gone to the cor- 
respondence files, there is ordinarily no list showing the geographical 
location of the tacks. If a single tack is found loose in the bottom of 

a drawer of a cabinet svstem, or on 
the floor of an office where there is a 
wall map, it causes distrust of the 
whole tack installation. When 
there is no list showing the geo- 
graphical location of different 

Fig. i86. A Contrast Between Long, tacks, the one tack which is 

Cloth-covered Map Tacks which are ^, . ^^ ^i«^^ ^«^^^+ u^ ^,,4. u^^u 

Likely to FaU Out, and Glass-head ^"* ^^ P'^^^ ^^^!^^* ^^ P^* back 

Map Pins Made with Short Needle- without checking over corre- 

pointssotiiat&ePinsMaybePu^^^ spondence and records which 
in until the Heads Touch the Map . i i i <> -n 

may extend back for years. Even 

when a list of tack locations is at hand, the loose tack cannot be replaced 
without checking the location of all the tacks on the map one by one 
to determine by a process of elimination where the loose tack came from. 
In the ordinary course of human events it is not likely that a tack falling 
out of a map would be found to give warning that the map record is 
no longer accurate. The tack system using long projecting tacks may 
therefore contain unsuspected inaccuracies just because tacks may have 
come loose. The unpleasant suspicion that a map record may be inac- 
curate, because of the long tacks falling out, sometimes causes a man to 
abandon the tack system entirely, believing that it is not reUable 
enough to give data on which important decisions must be based. 

Map and pin systems are of such tremendous assistance that they 
should not be condemned simply because the map pin itself has not 
been satisfactory. By using a short pin with a needle point and by 
having a backing for the map such that the needle point can be pushed 
in until the spherical head touches the map, we can secure a map 
system which is absolutely trustworthy. Since the pin is pushed in to 
its full length, a blow cannot dislodge it. The spherical head in contact 
with the map gives a very neat appearance, yet the spherical shape per- 
mits the fingers to remove the pin by straight pulHng without any diffi- 
culty whatever. The smooth needle-point of good quality steel does not 
rust easily and it does not cut the surface of the map. When a pin 
must be removed, the hole is so small that it is scarcely noticeable. 
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Pins having spherical glass heads may be used on wall maps with- 
out any danger of the heads fading from sunlight. The glass surface 
is so smooth that dust cannot collect sufficiently to affect the color 
appearance of the pin head. Even if the map does get dusty, it is 
perfectly safe to use the feather duster on a wall map having pins which 
are pushed in so far that the spherical heads are in contact with the 
iiiiip surfarc. Diisliij^- nF slid; a iiiiiii will tii.i lii0.^cn tlic pins Iti any 
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Fig. 187. Location of the Plants Affiliated with the University of Cincinnati, College 
of Engineering. Every Star Represents a Plant Where Co-operative Ei^iaeer- 
ing Students are Employed 

A nail exhibit like this is easily made by using a red legal seal and red stars such as can be purchased at 
mauy good stationer^' stores 

way. A wall map on which pins with spherical glass heads are used can 
be very cheaply mounted, it needs no glass cover, and the pins can be 
put in or taken out instantly, thus giving a location record which is at 
all times in plain view, yet thoroughly accurate. 

Another great advantage of the pins with spherical glass heads is 
that they may be obtained with small-diameter heads, which permit 
the use of numerous pins on maps of small size. In portraying many 
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classes of information, it is impracticable to use the cloth-head tacks 
because the heads are so large that the tacks touch each other in all 
thickly populated regions. 

Photographs taken of a map containing tall pins or tacks give an 
inaccurate effect, since the angle of the lens causes the head of the 
tack to appear at one side of the point in which the tack itself is lo- 
cated. Thus, in a photograph of a map of the United States the head 
of a long pin or tack set at Providence, R. I., might well show near 
Boston, Mass. There is no way of avoiding this error if projecting 
pins and tacks are used. The only safe plan is to use the spherical pin 
head which is in contact with the map surface itself. Photographic 
views of a sphere are the same from all directions, thus causing all 
pins to appear exactly the same size and shape on the photograph. 
Photographs taken of a large map with flat-headed tacks show the 
heads in the center of the picture as circles, while the heads towards 
the edge of the picture look of much smaller size, because they appear 
flattened out as ellipses. The visual effect for points toward the edge 
of the map is lessened when the tacks arc flat headed, and an un- 
necessary visual error is brought into the picture. 

A very cheap yet satisfactory mounting for a wall map to be used 
w4th glass-head map pins is made with three or more layers of corru- 
gated straw-board. The straw-board used should be about 7i6-inch 
thick with a facing on either side of the corrugated portion. Three 
thicknesses of straw-board are sufficient to give strength for any map 
up to one yard long. The two outside layers of straw-board should 
be so arranged that the corrugations will run with the length of the 
map, thus giving the greater strength in that direction. The middle 
layer should have the ribs running crosswise of the map so that the 
map mounting will be safeguarded from bending in either of the two 
different directions. Where very large wall maps are desired, six or 
more layers of straw-board may be used to give suflScient strength. If 
single sheets of straw-board cannot be found as large as the map 
itself, the map mounting can easily be built up of small sheets of 
straw-board, provided the joints in the straw-board are so placed 
that thev will not be over each other to w^eaken the finished structure. 

The* straw-board backing for a map to be used w^ith pins is not 
the best obtainable if the pins must be put in and taken out frequently. 
When, however, the pins are to be placed in the map and left there, 
the straw-board is just as satisfactory as any other backing for a 
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map. A layer of the cheapest kind of muslin placed over the face of 
the straw-board will prevent the pins from tearing the surface of the 
map if they happen not to be pushed in exactly straight. The use of 
cloth over the straw-board also permits of changing the pins many more 
times than would be feasible with straw-board without the cloth 
reinforcing. 
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Fig. 18S. Every Pin Dot on this Map Marks the Home of a Student of the University 

of Cincinnati 
Ity using a map printed in colon which do not pholosraph us black, the pins show up distinctly on the map 

as a. background 

Before mounting a map the colors should be tested to make sure 
that they will not run in water. The map should then be wet all 
over, preferably by laying it flat for a time in a large tray. Use a 
flour-and-water starch paste, paper-hanger's paste, or library paste 
of the kind used in mounting photographic prints. Carefully remove 
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all wrinkles and press the excess paste out from under the edge of 
the map. Shrinkage of the map and of the moistened straw-board 
surface will almost certainly cause the straw-board mounting to warp 
unless care is taken to prevent warping. At the same time the map 
is pasted on the front of the straw-board, paste a sheet of wet wrapping 
paper on the back of the straw-board mount. The shrinkage of the 
wrapping paper on the back will equalize the shrinkage of the map 
on the front of the mount. Place the mounted map on a flat table 
surface or on a smooth floor, and stack books or other heavy articles 
upon the mount over night or until thoroughly drj' so that any ten- 
dency to warp in the drying may be overcome by the weights. 

Finish the four edges of the corrugated straw-board by using 
gummed cloth tape or paper tape neatly folded over the edges iii the 
manner ordinarily used with passe-partout pictures. To hang up the 

finished map use two com- 
bination clamps and rings 
such as may sometimes be 
obtained in stores selling 
window shades. These 
metal-clamp fixtures are of 
neat appearance and of 
strength sufficient to hold 
a map of any size. If two 
nails or hooks are used in 
the wall to support the 
map, the ring hangers allow 
the map to be instantly re- 
moved to a desk when addi- 
tional pins must be put in. 
If pins are to be put in and taken out of a map repeatedly, it 
should be mounted on good quahty cork composition. Exhibition- 
board, compo-board, wall-board, or any of the various boards gener- 
ally used for wall surfaces may be used as a backing to give strength 
to the cork. Care should be taken to get a good quality of board 
which will not warp seriously. The cork composition can be glued 
to the wall-board and then the map pasted on the cork. A piece 
of wrapping paper should be pasted on the back of the wall-board 
at the time the map is mounted so that the shrinkage of the map 
may be equalized. The edge of the cork mounting may be bound 
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Fig. 189. Distribution of the Field Service of 
the Department of Agriculture, February i, 

I(}12 
A pin map ninnnt he pxrpllKi] for conveying inTDrmiitiuti like 
this. Nc>t(^ the grcnt activity of the Agritultural Depart- 
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Fig. 190. The Use of Pin Maps in Advertising 
A large shoe manufacturing company used this Uiustration in an advertisement announcing that 3,800 

merchants were ready to show the latest fall and winter models of shoes 
In order to make the dots stand out distinctly it would appear that agencies in any State have been shown 

as uniformly distributed over the State. Actual exact locations would be almost impossible to show 

unless ft much larger map were used 

with a cloth tape as suggested for straw-board mounts, or the whole 
built up combination may be framed with picture framing but without 
using any glass covering. The cork composition used should be '/g-inch 
thick. Maps backed with cork composition and used with glass-head 
pins having needle points will permit almost unlimited puncturing 
from frequently moved pins. If the map is mounted on cork composition 
the sharp-pointed pins are easily pushed in and removed, yet the record 
is always accurate because the pins cannot be knocked out. 

Numerous wall maps can be very conveniently used if they are 
mounted on vertical swinging-leaf display fixtures similar to those 
shown in Fig. 219. The two surfaces of each swinging leaf should be ' 
covered with corrugated straw-board and muslin, or preferably with 
cork composition in order to get a good surface into which to insert 
the pins. As adjacent leaves are likely to strike and break the glass 
heads of the pins, projecting bumpers should be placed on every 
other leaf to allow enough clearance for opposite pins when the leaves 
come in contact. The rubber-covered bumpers used to prevent door 
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knobs from striking plastered walls can be placed at the top or bottom 
of alternate leaf surfaces. If these rubber bumpers are not available, 
a narrow strip of wood at the top and bottom of each leaf will serve. 

When employed with glass-head pins having needle points, the 
drawer cabinets for maps used to route salesman, etc., can have a 
layer of cork composition fastened in the bottom of each drawer. 
The maps are then glued to the surface of the cork composition. The 
drawer cabinets regularly found on the market have sufficient drawer 
depth to permit placing a ^^-in'ch layer of cork composition in the 
bottom of each of the regular drawers and still allow room for the 
pins. Map pins may be pushed into the cork composition so se- 
curely that no pin will ever be misplaced even if a book or other heavy 
object should happen to drop upon the map and the map pins. Pins 
in cork composition are so easily inserted and removed that they can 
be handled more rapidly than if stuck into any kind of a board sur- 
face. \Mien ordering maps from any map manufacturer or map store 
for use with glass-head pins care must be taken to specify either a 
cork-composition backing or a corrugated straw-board backing, else 
the map will probably be shipped mounted on compo-board or some 
other surface entirely too dense to permit of pushing the map pins 
in until the heads touch the surface of the map. 

If numerous glass-head pins are to be put into a map at one time, 
the eraser in the end of a lead-pencil should be used to push the pins 
dow^n until the heads touch the map. Pins can be very quickly lo- 
cated if only their points are pushed into the map by hand, leaving 
the main pressure to be applied by the lead-pencil eraser after a num- 
ber of pins have been located. The pencil-eraser method saves time 
and it also eliminates the discomfort which mav be caused if thousands 
of pins are pushed into a map by using the thumb and forefinger only. 

Line cuts, sometimes called zinc cuts, may be made directly from 
pin maps if glass-head map pins of suitable color are used. At the 
point on the map where each pin head is located there will be a black 
dot on the print made from the zinc cut. As light is reflected from 
'the surface of the glass heads of the pins, there are sometimes shown 
in a photograph high lights which must be retouched w^ith a pen or 
a fine brush so that the whole spot shall be black, rather than black 
with a white center, as seen in Fig. 191. Anybody can do this re- 
touching very quickly. It is mentioned here only as a caution that 
the photograph be inspected before the zinc engraving is made from it. 
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Photographs for line cuts must have a good contrast of white and 
black, or colors which photograph as black. Photographs or original 
drawings containing shades of gray will not produce good line cuts 
and frequently cannot be used at all for the zinc engraving process. 
When Une cuts are to be made from pin maps it is best to be certain 
that the glass-head pins are selected in colors which will photograph 
as black. Red, orange, and black pins can be used without any ques- 
tion, since negatives made from these colors give a dead black on 
the photographic print. Line cuts can also be made from dark green 
and some of the other colors. Where it is necessary to make photo- 
graphs and line cuts from a very expensive and elaborate pin map, 
it is wise to consult the engraver before the pin colors for the map are 
finally decided upon. The color blue should be carefully avoided if 
photographs or line cuts are to be made, since blue almost totally fails 
to show up on a photograph. 

If half-tone engravings can be used to illustrate the pin map, 
many more different colors of pins may be used on the original map than 
when zinc cuts are the means of printing. Another advantage of 
half-tones is that different colors of pin heads are represented in the 
half-tone by different shades of gray, as can be seen in Fig. 191. On 
the left half of Fig. 191, fourteen different colors of glass-head map 
pins were used. The photograph was not retouched in any way. 
Fig. 191 thus represents about what can be expected of different 
colored pin heads for contrast in half-tone illustration. Note the 
high lights which give white spots on the circles of the darker pin heads. 
It is spots like these which should be retouched by hand on any photo- 
graph from which a line cut is to be made. 

Tacks and pins have been used on maps to locate agencies, sales- 
men, customers, etc., more than for any other one purpose. The 
various possibilities in applying tacks and pins to sales-deparlment 
work cannot be thoroughly covered here, but if a few general methods 
are known, each sales manager can work out for himself the pin scheme 
which best suits his own conditions. 

Fig. 191 was photographed, without any retouching, direct from 
a section of the United States Geological Survey topographical maps. 
These contour maps, having a scale of about one inch to the mile, 
may be obtained from the Geological Survey at Washington, for most 
of these sections of the country which are thickly settled. The maps 
are very low in cost and yet are remarkably accurate. Fig. 191 was 



GRAPHIC METHODS 




MAPS AND PINS 237 

purposely photographed at an angle of about 45 degrees. As the 
upper part of the illustration is out of focus because of the angle, 
the illustration does not do justice to the Government maps. Another 
reason why the map does not come out clearly is that brown ink is 
used to print the contour lines and these Hues accordingly show only 
faintly in the half-tone. 

When it is necessary to show the routing to various points on a 
map the best method is to use a fine red string or thread betw^een 
map pins as seen in Fig. 191. If the routing must be changed the 
thread can be almost instantly moved to connect the pins in some 
new order. Lines could be drawn on a map in ink to show routing, 
but the map would be ruined if any change in routing should ever be 
necessary. 

In the preparation of illustrations for reports, advertising, etc., 
whether maps with or without pins are used, great care must be taken 
in the selection of the map itself. Map manufacturers have a very 
annoying custom of purposely making maps in such manner that the 
maps cannot easily be duplicated by photographic processes. Maps 
printed in blue ink are almost hopeless for use in making zinc cuts. 
Maps on which large areas as States, or counties, are differentiated by 
the use of colors red, orange, green, etc., do not produce either good 
line cuts or good half-tones since the colored areas on the original maps 
are likely to show as solid black areas and blot out all detail on the 
photograph. If an illustration must be made from a map it is well to 
be sure that the map is printed in black, red, or orange outline so that 
the resulting photograph will have distinct contrast. Maps should 
contain as little detail as practicable, to make certain that the pin heads 
or other representations of specific data will show up as distinctly as 
possible. Fig. 192 is a good example of the kind of map to use for 
reproduction when pins are employed. Notice in Fig. 192 a heavy 
border for the country as a whole, and the outlines for each State. 
Towns and rivers are not shown. Each dot on the map may thus be 
seen wdth great clearness. 

As maps are very carefully copyrighted by most map publishers, 
maps which are copyrighted should not be reproduced w^ithout con- 
sideration of the copyright. For maps which are photographed down 
with comparatively little change, permission should be requested from 
the map publisher, to make certain that unpleasant complications such 
as damage suits or the holding up of a publication may be avoided. 
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The 228 Principal Trading Centers 




.^ainrilas Kcenive I'ofi. Cumt ruiiuiiina Co. 

Fig. 192. The 228 Principal Trading Centers in the United States 

lliis iUustrHtion was taken frum an ailvrrtiseinpnt proclaiming that a certain magazine's circulation wa^ 
mainly in Ihe iiS chid trading centiTs of the munto'. and that, accordingly, the magazine muiit bi> 
effet-lii-e as an advertising roedium fur nicrchandLsc 

Note that in the east the dots arc so numerous they arc shown as cresrenta. The crescent scheme la a gnoti 
unc as it permits the use nf a much larger dot than wouhl otherwise be possible 

The amount of detail which may be permitted on any map in which 
pins are used depends on the size of the resulting ilhistration and the 
size of the pin heads. If the pins are so numerous that the map must 
be very large, there is danger of reducing the map so much in size be- 
tween photograph and final illustration that the pin heads will appear as 
indistinct dots on the complex surface of the map. In Fig. 193 a map 
was used in which there was more detail than really necessary or desir- 
able for a clear illustration. Injustice to the Gerieral Electric Review it 
must, however, be said that the map shown in Fig. 193 has been reduced 
in size and made smaller than it was in the original print. This map 
could not be reduced further without danger of completely losing the 
pin heads in the gray background resulting from so many lines on the 
map. 

In producing an illustration like Fig. 193 considerable ingenuity 
must be used to make two or more classes of pins show out distinctly 
in zinc cuts which can be printed in only one color. The pins on the 




Fig. 193. Location of Water-Power Developments of 1,000 Horse Power, and Over, 
and Power Sections of Streams in the United States 

TTie original of tbb map would have plus in two different colors. The photograph taken from the map 
would be retouched by the use of a pen su that squares would replace dota for one of the two colors 
of pins. The illustration shows a contrast of dots of two shapes rather than dota of two colors 
239 
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original map can be in different colors. After a photograph has been 
made of the pin map it is best to compare the photograph with the 
original, and then to make squares out of those circles which represent 
a certain color of pin on the original map. Squares are easily made by 
using a fine pen on a photograph considerably larger than the cut itself 
will be. When the final dots are not too small in size it is possible to 
make shapes with the pen such as triangles, outline circles, etc., which 
can be distinguished from one another. 

If a great reduction in size is necessary between the original material 
and the finished illustration, extreme care must be used to have all 
the lines on any original drawing wide enough to stand the reduction 
in line thickness due to the decrease in size. If a drawing one foot 
wide is photographed down to an illustration three inches wide the 
hues will be only one-quarter as thick as in the original drawing. Lines 
on the original drawing must therefore be made very wide — in fact, 
much wider than is ordinarily considered desirable until experience has 
been gained from several disappointments in the appearance of finished 
illustrations. It is not easy to find maps with lines sufficiently hea\'y 
to permit of the great photographic reduction usually necessarj^ in 
making illustrations from pin maps or other map representations. 
Quite often it is necessary for the person making a map chart to go 
over by hand all outlines such as borders and the divisions between 
States, counties, etc., to make those particular lines very much heavier 
than on any map which can be purchased. 

A reducing glass which makes everything seen through it appear 
smaller is almost essential when many maps or charts must be repro- 
duced. A convenient size of reducing glass has a single lens, about 
1^ inches in diameter, and causes objects to appear from one-half to 
one-quarter the size of the original. The amount of reduction can be 
varied by holding the glass at diflFerent distances from the original 
drawing. In order to tell how much reduction in size is made by the 
glass at any given distance, it is possible to look at the original object 
with one eye and through the reducing glass with the other eye so that 
by superimposing the two images their length may be compared. When 
a chart has ruled lines, as co-ordinate lines, it is a simple matter to 
superimpose the images from the two eyes so that one square of the 
original equals two, three, or four squares of the image seen through the 
reducing glass. When the two images are thus superimposed, study 
can be made of the thickness of lines or other details in the reduced 
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svM -!4p tFiat a decision may be had as to whether the drawing wiD safely 
btand the prf^i^jTsed reduction without ha\'ing the lines made heavi^-. 

Fig. 194 show<» alxiut the e3rtreme limit of what can be done in the 
making of pin map?^. The original map here was 40 inches wide and 
Wi inches long. Nevertheless, the map shows up satisfactorily in the 
imrativ re^Juc-erJ size of the half-tone because care was taken to have 
vftry wide lines and little detail on the original map. Each of the 19.500 
pins of five ditfcrrenl colors had a head diameter of ' ^ inch. It must be 
remernU.'nr^l, that most of these pins were in the characteristic blue 
colors CTinimonly assrx'iated with the Bell Telephone System, and, 
UfT-ausif blue is almr^st impossible to photograph, the pins do not show 
out as strikingly as they would if other colors were used. The black 
splotches on the map were caused by the predominance in those areas 
of pins with dark blue heads. AMien this pin map was made there was 
no intention of taking a photograph of it. A much more distinct 
photograph would have l>een secured if pins in the contrasting colors 
of reel, orange, black, green, purple, etc., had been chosen. All of these 
would have shown dark in the photograph, instead of white or light 
gray like the pale blue pins which in Fig. 194 were used in the greatest 
nunil>€?r. 

Vifz. 194 was photographed at an angle. The eastern half of the 
I 'nit<*d States api>ears smaller than true scale because of the perspective 
in the picture. The iK.'rs[>ective view shows that the glass-head pins 
had long shanks. This map, costing several hundred dollars to pro- 
duce, could be injured s<»verely by a few strokes of a janitor's feather 
duster. If short pins were used with spherical heads in contact with 
the niai> there would be no danger of the pins being misplaced. An- 
other disadvantage of the long steel pins is that the steel portion exposed 
to the atmosphere is likely to rust, esi>ecially in cities near salt water. 
Pins with short needle-points pushed entirely into cork composition 
or corrugated straw-board have little opportunity to rust. 

Fig. 195 shows a convenient map scheme by which different places 
on tlnr niai) are numbered so that detailed information regarding each 
nuiy be obtained from the annexed tabulation numbered to correspond 
with th<» i)in numbers. In this scheme we have all the advantages of 
a i)in map without the confusion of too many data on the surface of the 
map its<»lf. The illustration of Fig. 195 was evidently prepared by 
hand. Such an illustration can, however, be made by using pins like 
those shown in Fig. 190, or like pin No. 20 in Fig. 199. This latter 
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Fig. 195. Location of the Portiand Cement 
Plants of the Eastern Portion of the United 
States in 1911. Below the Map Is a Tabula- 
tion Giving the Name, Address, Capacity and 
Shipping Railroad for Each Plant 
A pin map like tliLi can be quickly made up by using pins 
such as are pictured in numlwr iO ot Fig. 190 or pins sucb 
as are used in Fig. 196. An outline map with tlic pins chq 
illustratioD like Ibe above 



pin has black figures on a 
white background, and does 
not give as striking an effect 
as white figures on a black 
ground. 

Fig. 196 gives a hint of 
what may be done to pre- 
pare advertising copy with 
almost no expense. The 
illustration was made direct 
from a map on which pins 
were used having black 
areas lettered in white. The 
only hand drawing neces- 
sarj' for this illustration 
was about one minute's 
work in darkening the high 
lights where there were re- 
flections from the surface 
of the black pins. An illus- 
tration of this type to show 
the location of agencies, 
branches, etc., makes effec- 
tive advertising because the 
black spots are so large in 
comparison with the size of 
the map that the whole 
territory of the United 
States appears to be well 
covered by agencies. 

Lettered or numbered 
pins like those in Fig. 196 
and in Fig. 199 are fre- 
quently desirable to show 
the daily whereabouts of 
salesmen, repair men, etc., 
in order that the nearest man 
may be telegraphed to in 

be photographed directly to produce an 
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case of emergency. One prominent manufacturer of locks for bank 
vaults uses a map which shows at all times the location of each of some 
fifty bank-lock experts who are routed from city to city each day by 
telegraph. The locations of the pins, and the railroad hnes repre- 
sented on the map, show instantly which man can best be sent to any 
bank which reports trouble regarding the door of its safe-deposit vault. 
Letters or numbers on the pins indicate the name of each man so that 
there is no danger of an error such as might occur if the pins were 
colored uniformly without specific letters or numbers. 




Fig. 196. Map to Show the Location of the Selling Branches of a Large Manufacturing 

Conq>an7 
This liDC rul waa made dlretUy by phatogntphing u sUodanl map in whi<-h standard map pins had been 

insiTtod. Black pins with white lelteiii or numliera give eii-eUent advcrtbing copy with ataolutely 

no drafting work required 

The argument of Fig. 197 would have been brought out better if 
the railroad tracks had been drawn in heavy black lines across the city 
map. Vnless one is familiar with the city of Indianapolis, there would 
be no way of explaining the heavy soot deposits in that section shown 
on the lower portion of the map. Even the mention of railroad tracks 
in the title does not make up for not showing them on the chart. 

In preparing Fig. 198 a scale was very carefully selected to use one 
dot to represent a definite number of people so as to avoid having dots 
crowd each other too closely on the map. A map of this kind could be 
made in a very large size, and then be reduced photographically to a 
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siae which could be used in 
a report or magazine article. 
The reduction must ordi- 
narily be so great for such a 
map that considerable fore- 
thought and care must be 
used or the dots will not 
show up distinctly enough 
in the final illustration . 
Anyone wishing to see many 
maps of this type shown in 
very excellent manner 
should consult Volume II of 
the Report of the Transit 
Commissioner, of the City of 
Philadelphia, published in 
July, 1913. 

In placing dots for out- 
lying districts on maps made 
by the method of Fig. 198, 
judgment must be used to 
have each dot placed at ex- 
actly the right point to locate accurately the people represented. In Fig. 
198 each dot represents two hundred people. A dot in the suburbs 
may therefore represent all the people in one square mile of territory. 
If a map were first made with two hundred dots for the two hundred 
people, the one dot actually used on the final map would have to be 
placed not at the geographical center of the area represented, but at 
the center of gravity of the two hundred dots which it replaces. 

In Fig. 199 various combinations are shown of pins, beads, etc., 
of use in map work. Data for map presentation are frequently so 
complex that ingenuity is taxed to show the facts on any map of a 
size commercially available. A great variety of effects may be se- 
cured, however, by means of the devices shown in Fig. 199. The 
exhibits given in the illustration are as follows: 

1. Long pin with small size glass head, available in many colors. 

2. Long pin of brass wire for use with beads as shown in No. 9. 

3. Long pin with glass head used in conjunction with a piece 
of sheet celluloid cut into the shape of a flag. 



Fig. 197. Relative Soot Deposits in Indianapolis, 
March, 191 2 

The fireatcst soot fall is in the virinity of railroad tracka 
Carefully selected saniplea of snow were melted and the soot 
of Iwenly-four hours weighed after the water was evapom- 
rated. Spot maps of this kind aiD be quickly made by 
uaing short map pins pushed in till the pin heads touch 
the map 
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Fig. 198. Proposed Routes for a Comprehea^ve System of Passenger Subways for 
the City of Chicago 

On this map pach dot is carefully localed to reprcaent 200 of the population. A spot map of thU kind, made 
to BoiDF scale whrrebv one dot represents several people, ia essential to any reliable study of trausit 
facilities. After the s[)ot map is made, the transit routes can be laid out to give the best service poasible. 
Short map pins with heads touching the paper can be used tot dots on the original map 
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Fig. 199. A Full-size niustration Showing Some of the Different Arrangements of 
Map Pins and of Beads Which Can be Used for Map Work 

The size of the various bonils and pins cBn be rlptprmincil hy ineiuiiirinK (in the above picture wilh an raxli- 
nary rult-r, us the arlieirs iirv shcmn in thi-ir exact size 

4. A celluloid flag, with beads above the flag to represent quan- 
tity, or beads in different colors to denote various characteristics 
tor the data portrayed. The grip of the sheet celluloid on the pin 
is sufficient to hold both the beads and the flag at the upper part 
of the pin. 

5. Long pin with large size glass head, obtainable in different 
colors. 

6. Pin like that shown in No. 5 used with beads strung upon it. 

7. A brass tack large enough to receive gummed labels which 
may be written upon with a pen. 



248 GIIAPHIC METHODS 

8. Map pins having sharp points and small spherical glass heads 
in contact with the map. These pins are available in many dif- 
ferent colors; the upper one in No. 8 is red and the lower one blue. 

9. Beads in various colors of a size to correspond with the map 
pins in No. 8. Here the beads were red. Wliite beads, used for 
every tenth position, show at a glance that there are 22 beads on 
the pin. Note that the color red photographs as black. 

10. Map pins having sharp needle points and spherical glass 
heads in contact with the map. The pin is of the same general 
style as No. 8 but it has a head of larger diameter. This pin is ob- 
tainable in many colors. 

11. Cloth-covered map tacks available in plain colors and in 
plaids. 

12. Single bead used with an ordinary pin as a crude substitute 
for a regular map pin. 

13. Beads in different colors corresponding in size with the map 
pin of No. 10. 

14. Beads of tw^o different sizes representing different things 
but at the same location. 

15. Beads of two different sizes and three different colors. Since 
both sizes and colors may be varied, and almost any number of 
beads used on one pin, there are practically unUmited possibiUties 
for the showing of complex data. 

16. Beads on a pin w^hich holds down on the map a. sheet of 
colored celluloid cut to the exact shape of a small land area to which 
attention is directed. 

17. A sheet-celluloid marker held by a map pin Kke that seen 
in No. 8. 

18. Celluloid-covered tack, available in different colors. 

19. Celluloid-covered tack with stripes of different colors. 

20. Celluloid-covered tack with printed numbers from 1 to 99 
inclusive. 

21. Celluloid-covered tack having a rough surface so made that 
the surface may be written upon with pencil or pen, yet erased 
afterwards or rubbed off with a moist cloth. Lettering may be 
made permanent by means of a coat of varnish. 

22. Large size celluloid-covered tack available in different colors. 

23. Large size celluloid-covered tack with stripes of different 
colors. 
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24. Verj'^ large size celluloid-covered tack. 

It will be seen from the foregoing list that the possibilities for 
ingenuity in map and pin presentations are almost unlimited. The 
celluloid-covered tacks having large flat heads, shown in Nos. 18 to 24 
inclusive, are not as generally used as they might be for map work. 
Map pins and tacks of this sort placed upon the surface of a map 
can give a spot map w^ith any desired diameter of spots, no matter 
what size of map is used or what the amount of photographic reduc- 
tion may be. It is simply a question of selecting from the spherical 
heads, 8 or 10, and the flat heads 18, 22, and 24, to determine which 
size head is best suited to the size of the original map and to the size 
of dot desired in the finished illustration. Large celluloid-covered 
tacks 18, 22, and 24 are also valuable to show the location of main 
oflSces and diflFerent factories, or the locations of particularly im- 
portant distributing points. The pins numbered 8, 10, 18, 22, or 24, 
are five different sizes of pins w^hich may be used simultaneously on 
the same map to show different degrees of importance in the things 
represented. 

When used for photographing to produce an illustration such as 
is shown in Fig. 196, lettered or numbered pins should have a black 
background so that the black circle outlining the tack head will show 
out in clear contrast against the map itself. This requires white 
figures on a black or red background. Pins having red letters on a 
black background cannot be used for photographing, as the red letters 
would photograph black and disappear entirely, leaving a solid black 
circle instead of a circle with figures. Since pins with a black back- 
ground and white figures are not commonly obtainable, it may occa- 
sionally be necessary to use pins Uke No. 20 in Fig. 199 having black 
figures on a white background. Sometimes it may be feasible to 
draw an ink-line circle around each number which appears in the photo- 
graph so that the circles will be on the copy sent to the engraver who 
makes the zinc plate. 

When pins must be used to locate agencies, stores, or other things 
which are usually concentrated in cities, the limitations are rigid 
because all pins should be located on the map immediately above the 
point representing the city. Crowded pins usually have to be spread 
horizontally over a wide area, and when so spread out it is impossible 
to tell which of several adjacent cities the various pins may represent. 
Fig. 200 depicts what was done in one case to get over this difficulty, 
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Fig. 200. Sources of the First 3,000 Letters of Appeal Sent to Mrs. E. H. Haxriman. 

These 3,000 Letters Asked for $70,000,000 
Eight different kinda of pins were used on this map to represent different kinds of appe&ls. Long pins like 

those seen here are apt to full out of the map. and thus destroy the accuracy of the record. Note tbe 

area around New York shown on a larger scale at the right 

as far as possible, by showing the more thickly crowded district as a 
separate area on a larger scale placed at one side of the map. 

The use of beads in conjunction with pins overcomes the main diffi- 
culties encountered when pins alone are used. Beads may be placed 
one above each other on long pins or wires so that each pin will be 
exactly in the point on the map for each city, and thus portray nu- 
merical data by map location more accurately than possible with other 
methods. The adjoining cities can be clearly discerned by means of 
separate columns of beads, whereas if pins alone are used the dif- 
ferent groups of pins frequently blend so as to be indistinguishable. 
If there is only one item to be represented in a town, single glass-head 
pins may, of course, be used in conjunction with the beads. 

When there are several units in a town, the beads strung on a 
long pin or wire can be counted quickly if a bead of a diflferent color 
is used for every tenth bead, so the whole column may be counted by 
tens as possible in Fig. 201. A bead map like Fig. 201 should be 
mounted on several layers of corrugated straw-board to allow the 
long pins sufficient depth in the mounting to hold fast. For this 
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particular map six layers of straw-board were used, giving a total 
thickness of about 1J4 inches. Though this mounting made out of 
corrugated straw-board was tliick, it was extremely light and very 
convenient to handle. 
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Hg. 201. Residence of the Men of the Class of 11)07, Harvard University, Six Years 
After Graduation. The Bead Wire for Boston bicludes All Men Living within 
Twenty-five Miles of the City Hall 

Beads on long pins and wires were used here when there was more than one man in a town. A white bead 
WHS used on the wire tor every tenth man. Counling from the top by tens, the exact number in any 
i-ity ran be seen from the illu.it rat ion. 711 men are represented in this illustration less than 5 inebes 
wide, yet the numlwr in eaeh eity ean be counted aecuralely 

If long cohmins of beads must be used as in Fig. 201 for New 
York and Boston, the beads may be strung on piano wire such as 
may be secured in any good hardware store. The piano wire should 
be heated in a gas flame so as to remove some of the spring temper. 
After the wire has l>een heated it can be straightened and it will re- 
main straight without continually springing back into coil form. 
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Brass wire should be used if the holes in the beads are large enough 
to take wire of a diameter sufficient to give the required amount 
of stiflfness. Brass wire is not as stiflf as steel wire. When small beads 
must be used having small holes, the combination of wire and beads 
may be given several coats of varnish, if necessary, to make a tall 
bead column stand up straight. The columns for Boston and New 
York in Fig. 201 had to be varnished as the wire was very small on 
account of the fact that the diameter of the beads was only about 
^2 inch. 

The bead map in Fig. 201 gives a great quantity of information 
in a small amount of space. .The illustration depicts the whole United 
States on a page width of only 5}/g inches, yet all the facts represented 
by the beads are brought out clearly. The men of the group por- 
trayed who reside in foreign countries are indicated by pins near 
the seacoast with arrows pointing toward the countrj'' of residence. 
The fact that there were large numbers of the men in Massachusetts 
made necessary an extremely long wire for the beads of the Boston 
district. Because of the small size of the finished illustration and the 
size of map available, large diameter beads could not be used, and the 
bead wire for the Boston district was necessarily very tall and slender. 
The Boston bead column was about as tall as could be used without 
the column of beads bending under its own weight, even with the 
bead column varnished. 

Another difficulty in having very tall columns of beads is due 
to the fact that the bead map must be photographed at an angle of 
about 45 degrees in order to show a good picture of the map. 

If the bead column projects more than a reasonable distance 
from the map it is impossible to find a camera lens which will keep 
in focus the whole map and the full length of the bead columns. Either 
the map or the top of the bead column will be out of focus and there 
is no way of overcoming the difficulty. WTien Fig. 201 was photo- 
graphed the image on the ground glass of the camera showed at once 
that the tops of the bead columns were out of focus. The bead wires 
for New York and for Boston were accordingly pulled entirely out of 
the map and the map was photographed without these two bead 
wires. The two bead columns were drawn in by hand on the surface 
of a photograph measuring 8 inches across the base of the map. With 
a little care, using a fine-pointed pen, bead columns such as these can 
be drawn in so that the ordinarj'^ observ^er would Aever notice that 
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they were put on after the photograph itself had been taken. The 
angle at which the tall bead columns should slant can be determined 
by observing other bead columns in the same vicinity. In the case 
of Fig. 201, the angle was obtained by observing the bead column 
for Philadelphia. The reduction in size from the photograph on which 
the hand drawing was done, to the half-tone (in this case, a final re- 
duction of from 8 inches to 4^ inches) was sufficient to eliminate 
most of the imperfections due to hand work. 

The use of beads opens up a whole new field for map presentation 
of statistical data. The Board of Sanitary Control for the Cloak 
and Suit and the Dress and Waist Industries of New York city made 
up two bead maps showing the fire risks and the sanitary condition 
in all the twenty-five hundred factories which come under the super- 
vision of that Board. One bead on the map represents the condition 
for each factory. On the fire map the height of the multi-story loft 
buildings in which the diflferent factories may be found is indicated 
by using one bead for each floor. Thus, in some of the taller build- 
ings, twenty stories are indicated. Diflferent colors of beads according 
to the fire risk or the sanitary defect to be shown mark the stories 
very plainly, and the heights of the bead colunms show the heights 
of the buildings so that the bead map itself represents in miniature 
the sky line so typical of Manhattan Island. 

Bead maps carefully made up should be of great use in preparing 
illustrations for advertising purposes. The accuracy of a bead map, 
when data for diflferent cities must be shown, is much greater than that 
of a map on which only pins are used. The bead map makes possible 
the giving of information in condensed form with that great clearness 
and accuracy necessary to good advertising. It can safely be pre- 
dicted that pictures of bead maps will in the future be a common 
thing in the advertising pages of magazines. 



Chapter XIII 
CURVES FOR THE EXECUTIVE 

WITH the exception of the railroads, there are relatively few 
businesses which make a practice of plotting curves to show 
operating records in convenient form for the use of executives. 
Railroad accounting is more highly standardized than accounting in 
industrial corporation work. The standardized method of accounting 
has made it rather easy to compare the operating records of different 
railroad divisions and of diflFerent railroad systems. It is probably for 
this reason that railroads have adopted the use of curves for operating 
records so much more extensively than have industrial or mercantile 
businesses. 

The upper curve in Fig. 202 is plotted according to the method used 
on many railroad systems. In this form of plotting a month may be 
said to be represented in the middle of a space between the vertical 
lines. Horizontal lines are drawn in the space for each month to a scale 
representing the figures which it is desired to chart. Lines are then 
drawn vertically to coincide with the vertical lines of the co-ordinate 
paper, and they join the horizontal lines of different months in such a 
way as to give an effect like that of a stairway. 

Curves for the same data plotted by the method shown at the bottom 
of Fig. 202 are much easier to read than those plotted by the step method 
shown in the upper portion of the illustration. By the method in the 
lower part of the illustration the plotted line more closely approaches a 
true curve, there is much less variation in the direction of the lines from 
month to month, and the general trend of the curve line is easier for 
the eye to grasp. Compare the two curves for the summer months of 
the year 1909-10. In the upper curve a series of steps, and in the lower 
curve an almost straight line from April to September inclusive, indi- 
cate an increase by fairly equal increments during those months. 
Certainly equal increments are more easily represented by the straight 
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Fig. 202. Total Sales of the "Metropolis" Branch House of the '*R.S.T." Automobile 
Company for Three Years 

Thme two curves are plulted from exactly the same liguiea. The upper curve ia drawn b.v the method 
still used by some railroada. hut |;enerally going out of uae. The lower cur\'e ia plotted by a simpler 
method wliieh should be universally used 

line as in the bottom cuiTre than by the ragged series of steps shown 
in the upper curve. 

Another disatlvantage of the method of steps with flat tops as 
compared with the method using slanting lines and peak tops, is seen 
when two or more cur\'es are so drawn that they intersect on the same 
.sheet of co-ordinate paper. Curves plotted with peak tops can be 
drawn very close together and yet be fairly distinct from each other, as 
will be noticed in many of the illustrations in this book. If, however, 
two curves with flat tops like those shown in the upper portion of Fig. 
209 are plotted in such maimer that they intersect each other, the re- 
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Fig. 203. LubricatioQ Cost per Ton of Product for a Factory in the Year 1908 

The figures at tbe top <A the ro-ordinatc niling give thr data from which the curve was plotted. TIiou^ 
data should be put on all charts, figures arranged iu the direction here shown are not in coavenient form 
for additicm. See the later illustrations in this chapter [or methods of pUciog 6gutcB above each pcdnt 

suit is very confusing on account of the fact that the vertical lines con- 
necting the flat top.s riiay coincide. When one line falls directly on top 
of the other, there is no way for tlie reader to judge which curve is 
which beyond the point of intersection. Unless the curves are very 
carefully colored or dotted there is great danger that the reader will 
jump from one curve to the other in his interpretation of curves which 
happen to meet. This weak point in the flat -top method is particularly 
noticeable if blue prints must be made from original charts in which the 
flat -top method is used. On the original chart the curves can be fairly 
well distinguished by using different colored inks, but as the colors are 
lost in blue-printing, each blue print must be colored by hand, using 
the original chart as a key to show what the colors should be. If a peak- 
top method of plotting is used, numerous curves may be run across the 
same sheet and yet be distinct enough for identification even when all 
are reduced to uniform white lines on the blue print. It would be easy 
to name fifteen reasons why the method of plotting with peak tops is 
superior to the method of plotting with flat tops. The advantages of 
the peak-top method seem so obvious that it is believed the reader 
will agree to its desirability, without further argument being given here. 
The man who plots a cur\'e has before him the data showing the 
actual value for each point plotted on the curve. If any questions 
arise in his mind regarding the comparative figures at different points 
on the curve, he can refer to the data from which the curve was plotted. 
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Fig. 204. Monthly Revenue, Expense, 



The man who reads the curve, how- 
ever, must ordinarily get the value 
of any point on the curie by refer- 
ring to the scale on the left-hand 
margin of the chart. As most points 
on curves do not fall exactly on the 
horizontal co-ordinate lines, the only 
way in which the actual value at 
any point can be determined is by 
careful estimate of the fractional 
distance between horizontal lines, 
according to the scale shown on the 
margin. The resulting value for 
the point is ordinarily more or less 
inaccurate, depending upon the scale 
to which the curve is drawn. Not 
only is the reader's time taken in 
estimating the value for any point 
on the curve, but when he gets his 
result he is dissatisfied, for he cannot 
feel that the figure obtained is really 
accurate. There is a great advan- 
tage in showing on a chart the figures 
from which the curve was plotted. 
When only one curve is shown on a 
chart it is very easy to give the 
figures immediately above each point. 
The method used to show the figures 
in Fig. 203 is not, however, satis- 
factory, as the figures do not fall 
in a column. The method of indi- 
cating figures shown in the illus- 
trations later in this chapter is much 
superior to the method of Fig. 203,and 



and Net Revenue per MUe of Line should be adopted as general prac- 

for Railroads in the United States ,. , ^ . ^, 

Having a Yearly Revenue of One tice by anyone preparmg curves for 

Million Dollars or More record purposes, or for executive use. 

This illustration shows one at the difficultiea encountcretl when curves for successive years are plotted on 
the same co-onlinatc mlini;. Here the data of January, 1913. are indicated by a dot rather than by a 
line. The change occurring from DecemlKr to January a not easily seen. This difficulty can be 
easily overcome by allowing an extra space tor one montb as in the following illustrations 
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In Fig. 205 a curv^e is shown drawn upon a carefully designed four-by- 
six-inch card fomi. This card is designed for the plotting of data for 
one year by months. Thus, the fiscal year of a business can be sho\ni 
on one card. Succeeding years are entered on different cards, so that 
by arranging the cards chronologically variations from year to year 
may easily be seen. In order to avoid the difficulties pointed out for 
Fig. 204, and Fig. 104, thirteen vertical lines are used on this four-by- 
six-inch card. At the beginning of each card the last month of the 
previous fiscal year is repeated. In P'ig. 205 the fiscal year begins in 
August. At the beginning of the card we repeat the line for July, so 
that instead of showing a dot when the August figures are plotted we 
are able to draw a line showing the change which has occurred from 
July to August. In general, it is good practice to use one more vertical 
line than there are points to be plotted, so that the last point on one 
curve, sheet or card may be repeated on the next curv^e sheet or card. 

Figures representing the value for each point on the curve are given 
immediately above each point, in the case of Fig. 205 to the nearest 
dollar. Figures for cents could, of course, be given if desired, but for 
executive purposes it is usually better to neglect the cents in all large 
numbers. The arrangement of the figures shown in Fig. 205 is such 
that at the end of the year the figures can be added quickly and the 
total given on the card. Cards for diflFerent years can easily be looked 
over and the yearly total figures compared instantly, to the great ad- 
vantage of the executive who has these additions made for him and 
recorded where they are always in plain sight. Curves as they w^ere 
used in the past gave the values of single points only, without any 
summation for a series of points. In Fig. 205 we have not only the 
yearly total, but also totals for every three months, so that the total 
for any (juarter of the fiscal year can be compared with the total for 
any other quarter. ^ 

Fig. 206 represents a four-by-twelve-inch card used to plot data for 
fifty-two weeks in one fiscal year, the last point of the preceding year 
being repeated at the left-hand margin. Figures for the repeated week 
are not given above the co-ordinate ruling, as the repeated figures might 
then be included in the additions and cause serious error. By repeating 
the point, however, and not repeating the figures, the curve is made 
continuous without any danger of adding too many items into the total. 

In the right-hand margin of Fig. 206 a vertical green line may be 
seen. This line may be used as the shank of an arrow to indicate, as 
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in Fig. 205, in which direction the executive desires that the curve should 
trend. In Fig. 205, which represents total sales, the head of the arrow 
of course points upward. If the curve is to show expenses per 
unit of output, the head must be placed on the vertical line so that the 
arrow will point downward. In Fig. 206 no head is placed on the arrow, 
as fluctuations in a payroll mean nothing unless we know the output of 
work. An increasing payroll may result either from increasing sales 
or from ineflBcient production. A decrease in payroll may result 
from increased eflBciency of production or because sales have fallen 
off undesirably. Accordingly, no head is placed on the arrow and the 
curve must be interpreted by conditions other than those shown on the 
face of the card itself. In general, all curves relating to total money 
expenditures may trend either up or down, without meaning anything 
unless other conditions are considered. It is only when we express 
expenditures as expenditure per unit that we really get a curve for 
which it is safe to say that we should always desire a downward trend 
as long as quality is maintained. 

The insert page on which Fig. 205 and Fig. 206 are printed is made 
of an especially high grade of paper. Most paper in use to-day contains 
sulphite pulp and chemicals which cause more or less rapid deterioration. 
The paper commonly used becomes brown and brittle within five or 
ten years, so that records on such paper are likely to be useless in a com- 
paratively short time. The high-grade paper used for record cards as 
are shown in Fig. 205 and Fig. 206, contains only the finest selected 
linen stock and is guaranteed absolutely against any deterioration for 
twenty years. The chief advantage of this paper, however, is that it 
can be used in card form, yet be transparent enough to allow of blue- 
printing. 

The time required to blue-print this paper may best be compared 
with the time necessary when ordinary tracing cloth is used. Blue 
prints are also frequently made from bond paper. Bond paper requires 
an exposure of, roughly, three times as long as tracing cloth. This 
special card requires an exposure of about six times as long as tracing 
cloth, or twice as long as bond paper. 

When sunlight is used for blue-printing, there is no difficulty in 
getting a sufficiently long exposure to make good blue prints from the 
card forms shown in Fig. 205 and Fig. 206, if the forms are printed on 
special paper. Should electric blue-print machines be used, however, 
it may be found that certain of the older types of continuous printing 
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machines cannot be run slowly enough to give the required length of 
exposure. Some of the older machines can be changed at rather slight 
expense so as to have an extra belt-pulley reduction between the motor 
and the blue-printing machine itself. The newer types of machine 
can usually be run slowly enough to give the exposure necessary for 
this special paper. If a new blue-printing machine is to be ordered, 
however, it is well to make some preliminary tests with the cards. 

The cost is not great for blue-printing a whole set of record cards 
once each month after the last data have been plotted. Blue-print 
paper of heavy weight should be carried on hand, already sensitized 
and cut to size, four by six inches and four by twelve inches. The 
original curve cards, each backed by a sensitized card of the same size, 
are simply fed into the blue-print machine as rapidly as the operator can 
put the two cards together in pairs. 

There is a tremendous advantage in having all curve records made 
on the high-grade transparent card so that any card may be dupUcated 
by blue-printing whenever desired. It is impossible for anyone to 
predict what conditions will come up in the future of a business, and 
the only safe plan is to install from the start such a curve-record system 
that any card may be duplicated by blue-printing in future years if 
desired. It frequently happens that an executive wishes to have a blue 
print made of a recent year's curve card to compare with the curve 
card of an earlier year, in order that the blue prints may be mailed to 
some higher official or to some branch-house manager to point out certain 
conditions which it would be difficult to describe fully if copies of the 
curve cards could not be sent. Unless, however, the curves for the 
earlier years are made on cardboard from which blue prints can be 
taken, it is impossible afterward to make duplicates of these cards 
except by hand copying or photographing. In many cases it will be found 
desirable to take a blue print of every record card once each month, so 
that blue prints may be sent each department head to show him the 
exact condition of his department as a guide for the next month. 

The space toward the left-hand side of the cards shown in Fig. 205 
is for remarks which may be necessary to explain diflferent fluctuations 
in the curves. In Fig. 206 full circles along the curve show those weeks 
in which a full holiday reduces the amount of the payroll. In the month 
of April there was, for this particular plant, a half -holiday on the nine- 
teenth. This is shown by a half circle. At the end of the fiscal year we 
see in Fig. 206 stars to explain why the curve showed a drop to less than 
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one-half in the normal size of the payroll. The plant was shut down at 
the end of the fiscal year in order that an inventory might be taken. 

The notes at the left-hand side of the card are absolutely essential to 
explain unusual conditions aflfecting the curves. In two years after an 
event, most managers are entirely unable to explain certain peaks or 
valleys in a curve, though these extreme fluctuations may be due to 
such events as fires, floods, or strikes. Unless the causes of unusual 
fluctuations are recorded, the curves would have far less than their 
possible utility to any new man who must take up the manager's task 
as his assistant or as his successor. An example of the kind of informa- 
tion which should be noted on the curve-card margin came up in a large 
public-service company, where the manager was for several minutes 
unable to explain a very great fluctuation which had affected the earn- 
ings of a trolley company some two years before. After careful study 
to explain the drop in the curve, he finally recalled that this trolley 
line was in a city where all cars must pass over a drawbridge between 
two sections of the town. At the time iii question a steamer had col- 
lided with the drawbridge, making it impossible for about two weeks 
for any street car to cross. This accident caused the earnings of the 
trolley line to drop greatly during the whole of the two- weeks period. 
The cause of the unusual condition for the curve should have been 
recorded for future reference. 

In Fig. 207 we have the curves for three succeeding years placed one 
above the other, so the eye can glance up and down the vertical lines 
for months and see instantly the changes which have occurred during 
the entire period. As automobile sales are very greatly affected by 
the weather conditions of different seasons of the year, these curves are 
important. Though weather conditions have affected the curves quite 
largely, we can see, by comparing the curves for 1910 and 1911, that 
probably conditions of management as well as weather conditions 
caused smaller shipments in November and December, 1911, than in 
those same months of 1910, when shipments were quite good. The card 
for 1912 is shown with the curve incomplete, just as the manager might 
have seen it early in the month of February, 1912, after the January 
reports had been received, tabulated and plotted. As Fig. 207 shows 
curves which are true records of the real happenings in an automobile 
plant, they are worthy of study for practice in curve interpretation. 
Notice that the changes from July to August, in 1911 and 1912, are 
readily seen because each curve card begins by repeating the record 
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Fig. 207. Sales of the "X.Y.Z." Automobile Plant for Three Consecutive Years 

The threo 4-l)y-C-inrh oar<J» nrc arranRed one above the other so that the cun-cs for different yeara may be 
easily mmparcd. Note thai NovrmlHT anil December nere good months in 1910, but poor months in 
1911 and 16U. The 1911 can) almve is the same as in ¥ig. i05, but here it a printed in one color 
only. Observe at the ri^ht the arrow* shc)wing that it is desired thai the trend of the curve should be 
upward. Arrows like this tnve about two-thirds of the executive's time in looking over a large number 
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for the last month of the 
preceding fiscal year in- 
stead of using a dot as 
shown in Fig. 204. 

The separate cards for 
different years, which in 
Fig. 207 are arranged ver- 
tically one above the other, 
may be laid horizontally as 
in Fig. 208. Here the cards 
are superposed on a black 
background, the left-hand 
and middle cards each over- 
lying the card to the right, 
so that the curve appears 
continuous. The vertical 
arrangement allows of a 
very accurate analysis of 
changes which have oc- 
curred from month to 
month of each year. With 
the horizontal iirrangeineut 
it is not so easy to compare 
any month of one year with 
the corresponding month of 
another year, but it is easier 
to see the changes which 
have occurred in a curve as 
a whole throughout a period 
of years. Thus in Fig. 208 
it is much easier than in 
Fig. 207 to see that sales 
dropped seriously in the 
first half of 1911, and that 
they increased far beyond 
any previous record during 
the last half of 1911. The 
vertical arrangement is use- 
ful for one purpose: the hori- 




266 GRAPHIC METHODS 

zontal arrangement is useful for another purpose. By having loose 
cards, we can arrange the cards either horizontally or vertically and 
get all the advantages of either position. Curves plotted in loose-leaf 
books, or on large sheets of paper, cannot have this flexibility of arrange- 
ment, and they accordingly handicap the executive in the analysis 
of data which may be vital to the success of his business. 

When the cards are arranged horizontally the figures for the curve 
over a series of years are in plain sight, while in the vertical arrange- 
ment one card hides the figures on another card. Figures are essen- 
tial to the true interpretation of curves like those seen in Fig. 208. 
In looking at Fig. 208 most readers are likely to feel that the business 
of the year 1911 was much better than the business of the year 1910. 
When we look at the total figures, however, we see that the sales 
for the year 1911 were only $1,435,041, while the sales for 1910 were 
$1,575,298. Not only were the total sales for 1911 much less than the 
sales for 1910, but there was a very great fluctuation in sales from 
month to nionth which created a very diflScult problem in the opera- 
tion of the manufacturing plant. In the early half of the fiscal year 
ending in 1911, men were not needed because of the small volume 
of sales, and a large portion of the working force had to be discharged. 
In the latter half of the fiscal year, sales increased so rapidly that men 
had to be hired in large numbers. Inevitably, therefore, many un- 
skilled men were obtained who were sure to spoil a large volume of 
any output requiring the great accuracy needed by automobile parts. 
The record for the fiscal year ending 1911 was in every way bad, as 
compared with that for the fiscal year 1910. The company eventually 
ended in a receivership. 

Cards only four inches by six are of suflScient height to hold the 
co-ordinate ruling needed for curve plotting, and yet have room above 
the ruled field for two separate columns of figures of seven digits 
each, as well as space across the top for a title which may run the whole 
length of the card. In Fig. 208 we have two sets of figures, one set 
for months and the other set for quarters. Each set of figures con- 
tains six numerals. Although the illustration in Fig. 208 is only 
about one half the natural size of the card, the figures themselves are 
clearly legible and the title at the top of the card is easily read. 

One of the chief advantages in the use of loose cards lies in the 
fact that any set of cards may be laid out on a table and compared 
with any other set of cards in the manner shown in Fig. 209. It is 
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diflScult with a loose-leaf book to arrange a system for keeping hun- 
dreds of curves in such a way that quick comparisons between any 
of them can be made. When loose cards are used any card can be 
compared with any other card instantly, and, if desired, cards for any 
curve for a series of years may be laid out for comparison with cards 
for any other curve for any series of years. Anyone without experi- 
ence in the analysis of curve records for large corporations may take 
it as a fact that no system of curve records should be installed which 
does not permit the instantaneous comparison of any curve with any 
other curve in the whole system. 

Fig. 207 and Fig. 208 show the shipments from an automobile 
manufacturing plant as sales. Many of the automobiles recorded 
as sold were shipped to branch houses owned by the same company, 
to be stored there during the winter months when the branch-house 
sales are very small, for the reason that people do not wish to buy 
touring cars in winter. In Fig. 209 and 210 more curve records from 
an automobile business are given. In these cuts also, as in Fig. 207 and 
208, cards are shown in groups of three, photographed against a black 
background. In Fig. 209 we have in the upper curve the actual 
sales of an automobile branch house selling direct to the auto- 
mobile user. Notice that the sales in the spring months greatly ex- 
ceed the sales at any other time of the year. In the first two fiscal 
years sales were at a maximum in May, while in the third fiscal year 
sales reached the maximum in April and were fairly large in both 
March and May. 

In the lower curve we have the expenses of this same branch 
house. A very noticeable increase in the expenses occurred in the 
fall months at the beginning of the fiscal year, once in October and 
twice in September. This increase was due to local advertising an- 
nouncing the new-model automobile for the next season. It was 
customary for all manufacturers of automobiles to announce their 
next season's models in the fall months, and the peaks in the expense 
curve shown here came as they did simply because of this custom 
of the trade. 

It is quite easily seen from the upper curves that the sales for the 
second fiscal year were much greater than those for the first fiscal 
year. The total figures, however, show much more clearly the extent 
of the increase. Because of the excellent sales during the spring months, 
the curve for the third fiscal year at the right gives the impres- 
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sion of a prosperous year. 
Reference to the figures for 
the total yearly sales, how- 
ever, shows that the sales 
for the third year increased 
only very slightly over the 
preceding year. When we 
compare the sales of this 
branch house with the ex- 
penses, we get quite a dif- 
ferent story from that read 
from sales curves alone. 
The increase in sales from 
the first year to the second 
year was very great and 
without a correspondingFy 
great increase of expenses. 
Putting the figures for the 
first and second years into a 
ratio, sales increased 64 per 
cent, while expenses in- 
creased only 10 per cent. 
In the third year, however, - 
the sales hardly increased 
at all, while the shape of 
the curve for expenses 
shows an almost constant 
increase. A little mental 
arithmetic will show further 
that with almost stationary 
sales the expenses were per- 
mitted to increase about 
one-seventh or, roughly, 14 
per cent. 

Notice that in Fig. 209 
arrow-heads mark a desire 
that sales should go up. No 
arrow was used in connection 
with the curve for expenses. 
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It was permissible that expenses should go up in the second fiscal 
year, for the volume of sales increased very rapidly. The cost per 
unit of sales or the ratio of expenses to total sales had decreased greatly. 
An arrow pointing downward would have given a wrong impression 
as the total expenses had increased justifiably. It is better, therefore, 
to avoid using arrows than to use arrows which would mean nothing. 

The real story of this automobile branch house is seen in Fig. 210 
which gives the profit-and-loss curve corresponding to the sales and 
expense curves of Fig. 209. Expenses of the branch house were fairly 
large throughout the whole year, because of fixed charges, while the 
great fluctuation in sales caused a loss during the many months in 
which the volume of sales was small. Note how much better the 
profits were in the second year than in the first year, because the 
business had been estabhshed long enough to have a fairly good vol- 
ume of sales during the fall months. There was a profit in all the 
months of the second year except two, with a total profit of very 
considerable size, though not a tremendous one compared with the 
volume of sales, since the profit was only 5.9 per cent of the sales. 
In the third year the profits were on the ragged edge throughout 
the whole year except in the three spring months of March, April, 
and May when sales were exceptionally large. The total profits for 
the year, even with a slightly increased volume of sales, were less than 
one-third of what they had been for the preceding year. 

Just to show what complex conditions enter into the comparison 
of business curves of this sort, it is mentioned here that the small 
volume of sales, the large expenses, and the negligible ^profits in the 
first half of the third fiscal year were not the fault of the manager of 
this branch house. The trouble went back to the factory engineering 
department which failed to get its next season's models designed early 
enough. Consequently the car could not be manufactured in suf- 
ficient quantities to give the branch manager enough cars to make 
a satisfactory volume of sales. The branch manager blamed the factory 
because the factory could not deliver a sufficient quantity of cars. The 
factory manager was not to blame, however, as the engineering depart- 
ment (reporting direct to the president instead of to the factory man- 
ager) had delayed the design for the new car, and the factory manager 
was, of course, unable to build a car until he had the drawings. This 
example will perhaps give a fair idea of the uses which can be made of 
curves plotted from the operating figures of a complex business. 
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A person who has not tried plotting eurv^es on cards only four inches 
high is likely to say that the card is not of suflScient height to permit 
satisfactory curve plotting when there is a great fluctuation in the curve. 
Such a person would argue that the card is not high enough to allow 
the plotting of curves on a scale suflSciently large for easy reading, and 
that any curve for a constantly increasing business is likely to run off 
the top of the co-ordinate ruling within a few years. The curves as 
shown in this chapter certainly vary enough to allow the eye to see all 
the changes clearly. As the curves are in each case accompanied by 
the actual figures for the value of each point on the curves, it is not 
necessary that one should be able to measure accurately for points 
falling between horizontal co-ordinate lines. Instead of consulting the 
vertical scale to get the value at any point, reference is made to the 
actual figures above the various points. These figures indicate a finer 
fluctuation in the curve than it is possible for the eye to appreciate 
even in curves plotted on very large sheets of paper. Figures, then, in 
conjunction with curves like those shown here, make it unnecessary to 
plot lines of such fine width or great accuracy as would be necessarj' 
if the figures were not shown above the curve. 

In Fig. 207 the bottom card shows the zero line extended to the left 
over the figure seven at the lower left-hand comer of the ruled field. 
On the middle card the zero line has been extended to the right. This 
right-and-left extension of the zero line is not made until a card has 
been completely filled out. The extension of the zero line indicates 
the point at which cards are to be joined when laid in the horizontal 
position shown in Fig. 208. It will be noticed, in Fig. 208, that the 
cards are overlapped in such a way that the right-hand edge of the 
uppermost card coincides with the left-hand edge of the ruled field 
of the lower card, and that the zero line is continuous. The extension 
line drawn at the left of any lower card shows where the extension 
drawn across the right margin of the upper card is to be joined. Cards 
may be laid together in a horizontal position almost instantly, and cor- 
rectly, when these joint lines are present as a guide. 

If, as in Fig. 211, a curve should rise with such rapidity as to be 
dangerously near the upper limit of the ruled portion of the card, the 
joint lines may be so drawn as to allow more vertical space on the suc- 
ceeding cards. In Fig. 211 the curve for 1910 indicated that the curve 
for 1911 might go higher than the 1,400 line. Consequently, when 
the new card was made out for the year 1911, the joint lines were so 



GRAPHIC METHODS 





„., -^r -^^^ 


r:-z— -:^M 


r:-r"":^H 


•■•T-V— -M 




:•::;:::::::;■ 


-;:=::^:::™ 




1 1/ ^^^1 


/ ^^1 




( ,.^u_ ^m 


^ J ^, --\. : ^^g 


H ^ r:::^:::;H 






^H ^ 


■ . 


H . 


■ * ' ...--^, — . 




H| 1 ;::-— ^-= 


^H i 


^H f 





§1 

3 ■? 



•sea 

11 

a* 

•=•8 
|i 



S 3 



drawn that the line 
at the right of the 

1910 card was above 
zero, and the joint 
line at the left of the 

1911 card at the bot- 
tom of the ruled 
field. Thus, when 
the two cards are 
overlapped so that 
the joint lines match, 
it is seen that there 
is enough space in 
the ruled field at the 
right for the curve to^ 
rise to the scale line 
for 1,600. Two more 
spaces were again 
allowed in 1913 in 
anticipation of even 
further upward pro- 
gress in the curve. 
As joint lines may be 
drawn in continua- 
tion of any horizontal 
line on either the 
upper or the lower 
card, any amount of 
expansion in future 
years may be pro- 
vided for. The curve 
cards are small 
enough to be very 
convenient to handle 
and yet they may 
be joined together in 
such a way as to 
provide for unlimited 
future growth. 
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The card for 1910 in Fig. 211 has a broad line drawn by hand to 
show the zero line. On the card for 1911 the scale begins at 400, and,: 
because the scale does not begin at zero, the bottom of the co-ordinate 
field is marked with a wavy line. This wavy line is made very rapidly 
with a pen and serves the very useful purpose of safeguarding the 
reader from interpreting the curve as if the lower line on the field were 
zero. Whenever zero is not shown at the bottom of the ruled field, 
this wavy line should be used. Any card can thus be*read independent- 
ly, with safety so far as its interpretation from the zero point is con- 
cerned. When several cards are laid out together, and the zero line is 
shown on the left-hand card, as in Fig. 211, it is a simple matter for 
the eye to imagine the zero line extended to the right below the other 
cards, thus permitting easy interpretation of all cards. 

It sometimes happens, especially in plotting costs, that the desired 
direction of the curve will be downward instead of upward. In such a 
case, and to show small fluctuations from month to month, the scale, on 
the curve cards may be so selected that the zero line does not appear 
even on the first card plotted. Should the costs be reduced so rapidly 
that the curve tends to run off the bottom of any card, the card for the 
succeeding year may have the joint line drawn in such a way as to 
allow an extension of the scale <iown ward, exactly as Fig. 211 shows, an 
extension of the scale upward. By drawing the left-hand joint line 
on the later cards above the bottom of the ruled space, and by putting 
the right-hand joint lines for the first cards at the bottom of the ruled 
curve field, the series of curves can be made to progress downward to 
any desired extent in exactly the same manner as the curves in Fig. 21 1 
progress upward year by year. By the use of these joint lines a 
thoroughly universal arrangement of cards may be secured, allowing 
extra space for movement either up or down. 

Joint lines were devised chiefly to permit of showing a large up- 
ward or downward progress in the curves for succeeding years with- 
out the necessity of laboriously replotting the curves for the earlier 
years. The desired result has been very satisfactorily attained. Should 
anyone, however, object to the presenting of a series of cards in -steps 
as in Fig. 211, he need only replot the curve for the earher year& to 
some smaller scale. In general, however, it will be found tliat prac- 
tically no replotting is necessary or desirable. By connecting the cards 
with joint lines and by using a wavy baseline when the scale does, not 
extend to zero, all necessary convenience and accuracy, may be secured. 
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When plotting curves on large sheets of co-ordinate paper it fre- 
quently happens that the scale desired cannot be placed upon the 
kind of ruled paper available. Scales must usually be made in full 
size, one-half size, one-quarter size, etc., and it is usually too big a 
jump to change from one of these sizes to another. The ideal arrange- 
ment is to have a supply of co-ordinate paper with diflFerent rulings 
so that when one ruling does not suit, some other ruling may be used. 
On the curve cards shown in this chapter the horizontal scale is fixed, 
as the cards are designed for use with definite units of time, such as 
one year by months, one year by weeks, five years by months, etc* 
For the vertical scale, however, two different rulings are provided* 
One of these rulings has seven i-inch spaces as may be seen in Fig* 
211. The other ruling has ten vertical spaces of i inch each as seen 
in Fig. 209. The ratio of the two scales is seven to ten or, roughly, 
one scale may be said to be two-thirds of the other. This is the most 
desirable arrangement that it is possible to get, as these two rulings 
aflFord a great range of scales to choose from. If by using one ruling 
the curve comes too high on the card, simply change over to the other 
ruling and the peak will come lower down on the card. The two 
rulings, either in full size or in some fractional size, give every pos- 
sible combination of scale that need be desired. 

The ruling having vertical spaces of one-sixth of an inch is ten 
spaces high. This ruling is very convenient for curve plotting on a 
percentage basis when 100 per cent is shown at the top of the chart 
as in Fig. 126, Fig. 128 and Fig. 129 in Chapter IX. If, on the ten- 
space card, each space is used to represent 10 per cent with zero for 
the bottom line and 100 per cent for the top line of the chart, the 
neatest possible arrangement is secured. 

In starting to plot a curve which is to be continued year after 
year, it is ordinarily best to allow plenty of room for future growth. 
In the upper curve of Fig. 209 the scale was purposely selected for 
the first year so that the curve would extend only about one-third 
of the way to the top of the ruled portion of the card. This would 
allow the sales to be trebled in volume before the curve would extend 
over the top of the ruled portion and necessitate a change in scale 
or a step upward so that the zero line could no longer be shown at 
the bottom of the card. It is well to start all curves for output or 
sales at about one-third of the height of the card so as to allow plenty 
of room for future expansion. Curves for expenses per unit, however. 
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may be started well up on the card if there is any hope whatever of 
reducing the unit expenses in future years. 

The man who plots curves on the cards described here keeps a 
supply of the printed cards in each of the two rulings of seven spaces 
high and ten spaces high. When starting any new curves he uses 
whichever of the two cards gives the scale best suited to his purpose. 
The cost of carrying two different kinds of ruled cards on hand is 
negligible compared with the great convenience resulting. 

The ruling of the cards in which the vertical spaces are either 
i-inch or i-inch high permits the use of an engineer's scale in forti- 
eths or sixtieths of an inch, if it should ever be desired to locate plot- 
ted points on the cards with very great accuracy. The engineers' scale 
in fortieths or sixtieths of an inch gives ten divisions to each space 
between the horizontal lines on the card and makes it possible to locate 
each plotted point with a very finely sharpened lead pencil or a needle. 
Practice, however, proves that there is no necessity for using an en- 
gineer's scale in plotting curve points on the cards here described. 
The man doing the plotting learns very quickly to locate the points 
by using only the eye and a hard lead-pencil, so that the points are 
practically as accurate as if spaced with an engineer's scale and a 
needle point. Even if the points on the curve are not located quite 
so accurately as they may be when a needle point and a scale are 
used, it makes no difference to the executive by whom the curve is 
read. The figures denoting the value of each plotted point are given 
immediately over the point in the upper margin. The executive 
reading the curve does not have to refer to the vertical scale. He 
need only glance at the figures above any point to learn the value 
for that point far more correctly than would ever be possible with 
even the most accurately plotted curve if the value of the point had 
to be interpolated from the vertical scale of the chart. The vertical 
scale of these cards on which the figures are given in the upper margin 
fulfills almost no purpose except that of giving a record of the scale 
to the man who must plot points in succeeding months, or that of 
giving the values of horizontal lines which are convenient in locating 
high points or low points on any curve. 

When another point has to be added on a large number of curves for 
a succeeding month or week, the most convenient procedure consists 
in first copying upon all curve cards, immediately above the vertical 
line for the proper month, the figures from the typewritten reports, or 
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other sources of informa- 
tion. This is straight 
clerical work and may be 
done with a pen on one 
card after another with 
great rapidity. Ordi- 
nary liquid drawing ink is 
the best for the figures, as 
the opaqueness of the 
drawing ink gives better 
blue prints than are ob- 
tainable from writing ink. 
This is often partly trans- 
parent and prints pale 
blue instead of clear 
white. After the figures 
have been entered on all 
the cards, the cards are 
taken rapidly one by 
one and a sharp lead- 
pencil is used to mark 
on the proper vertical 
line a point which, ac- 
cording to the vertical 
scale, corresponds with 
the newly recorded fig- 
ures in the upper margin. 
When all the curve points 
have been located by 
lead-pencil marks on the 
curve cards, a drawing 
pen is used to draw the 
line on each card to shovr 
the change that has oc- 
curred since the previous 
point was plotted. As the 
new point has already 
been indicated in each 
case by the lead-pencil 
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mark, all the ink lines can be drawn in rapidly with a draftsman's 
ruling pen. If the suggested procedure is used, the lines may be drawn 
so rapidly that there is no chance for the ink to dry on the pen and the 
ruling operation is almost continuous. 

In Fig. 212 we have complete in black ink the same card which in 
Fig. 206 is given full scale, using two colors to make the contrast. be- 
tween the green-ink background and the black-ink curve. Though Fig. 
212 shows the card in reduced size, it nevertheless gives a very good 
idea of the appearance of a card suitable for the plotting of records 
for one year by weeks, making it necessary to have fifty-two entries 
of figures in the upper part of the card. 

In Fig. 212 the arrangement to show the dates along the bottom of 
the card, with short vertical lines dividing the horizontal scale into 
months, is not put on to the card until the exact year is known for which 
the particular card is to be used. Lines dividing the year into months 
so as to show exactly how many weeks are included in each month and 
at just which portion of the week the beginning or end of each mont^ 
may occur are then put in by hand. In Fig. 212 the card has been used 
for a fiscal year beginning Augiist 1. The card is marked 1911, 
meaning the fiscal year ending July 31, 1911. By referring to the 
calendar for the year 1911 one may see how the short lines for months 
are put in. As the pay weeks ended on Thursday, there were only four 
pay weeks ending in July, but there were five pay weeks ending in 
March. March 1 came on Wednesday. The last day of March was on 
Friday. The vertical co-ordinate lines for March show clearly that 
there were five Thursdays, and they also show the exact time relation 
of the Thursdays to the beginning and to the end of the month. 

After the month scale for any fiscal year has been marked by hand 
on one card, any oflSce boy can quickly copy the scale to other cards by 
superimposing the first card on the next card and copying the .pen 
strokes from the first onto the second card. A supply of cards for any 
year can thus be made up at small expense, without having to have 
cards printed diflFerently each year just because mankind has not yet 
made a calendar which always has the same relation between days of 
the week and days of the month. The scheme of indicating the rela- 
tion of weeks and months by the short vertical pen marks permits the 
carrj^ing on hand of a supply of printed cards which can be used for 
absolutely any fiscal year without danger of having to send the supply 
of cards to the scrap basket, as calendars are sent to the scrap basket 
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just because last year's 
calendar is of no use 
after December 31. 
This assurance of a 
perennial form instead 
of one which must be 
renewed or replaced 
everj- year is no small 
advantage. Figures 
designating the months 
for any fiscal year can 
be printed on the week- 
ly card if desired. In 
Fig. 212 the figures 8, 9, 
10, etc., iii.lkiiliii^' the 
months, can be printed 
on the cards and thus 
leave to be inserted by 
hand each year only the 
short vertical markings 
iiKlicatiiif,' the relation 
of the weeks and the 
months. 

Fig. 213 shows the 
weekly curve card 
used in the records 
of a dairy farm. The 
particular curve shown 
is for a prize Jersey 
cow which was being 
verj' carefully tested 
in the hope of break- 
ing the world's record 
for milk production. 
The milk production 
each week is indi- 
cated here, in pounds, 
together with the but- 
ter-tat analysis taken 
at various intervals. 
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The days on which the 
butter-fat analysis were 
made are quite accurate- 
ly iiidiciited by the dots 
on the butter-fat curve. 
Figures for the milk pro- 
duction each week are 
given to hundredths of 
a pound in the appro- 
priate column above, 
and the butter-fat anal- 
ysis is given to one one- 
hundredth of one per 
cent for each date on 
which the analysis was 
made. The grand total 
milk production for the 
year of the test is given 
at the foot of the col- 
umn. Note the diag- 
onal arrangement of the 
two headings, " Pounds " 
and "Per cent Butter 
Fat". This diagonal 
arrangement is a con- 
venient one as it is easy 
to read and refers to 
each of two columns of 
figures, one column ver- 
tical and the other hori- 
zontal. 

A card for each cow 
as indicated above is 
worth while in a modem 
dairy. Individual rec- 
onls are fundamentally 
necessary to efficient 
operation. Thereissuch 
a wide variation in cows 
that unless they are care- 



< 1 












































































































































































s ill 








































































0> _^ ■g^4^Jt^/f' 


i 

/oi 






I '■- 
sSfS 

mi 
I 111 

sill 
■Hi 

111! 



21= 8 
T .J! 



GRAPHIC METHODS 




fully watched there 
are certain to be in 
every herd cows whose 
milk production is far 
below the average. 
Individual records of 
each cow are now be- 
ing kept regularly by 
up-to-date dairies, 
and any cow that fails 
to give a definite mini- 
mum of milk with a - 
definite per cent of 
butter-fat is sent to 
the butcher. Cur\'e 
cards are a conven- 
ient means of record- 
ing the output of each 
cow in such form that 
instant comparison 
between cows is pos- 
sible. 

In Fig. 214 a rec- 
ord for one cow for a 
period of five years is 
shown on a 4-by-12- 
inch card. As the 
card 12 inches long is 
necessarj- for weekly 
records, a card of the 
same size can be used 
coiivenienlly to show 
five years by months 
instead of using five 
separate 4-by-6-inch 
cards, one for each 
year. In Fig. 214, 
the figures at the top 
of the card show the 
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milk production each month and the total milk production for each 
calendar year. The notes in the left-hand margin show the dates on 
which calves were bom. 

In Fig. 215, also, curves are plotted on a card for five years by 
months. In this case there was no hope of getting the cost per ton 
below 50 cents, and the scale was accordingly so chosen that it began 
at 50 cents instead of at zero in order that fluctuations from month 
to month might be more carefully observed. As the zero line was not 
shown on the card, the wavy line was drawn at the bottom of the 
ruled portion, indicating clearly to the reader that he must not inter- 
pret the curve as though the bottom were at zero. 

When using an arrangement showing five years by months on one 
card, considerable mental effort is necessary to get a clear interpreta- 
tion of the fluctuations in the curve from year to year. In Fig. 215 
certain peaks in the curve appear to have somewhat similar shape. 
Thus the peak for 1908 looks like the peak for 1907 until closer ex- 
amination shows clearly that the low point for 1908 was in July, 
while the low point following the peak of 1907 came not in July, 1907, 
but in January, 1908. The waves themselves, although of somewhat 
similar shape, have peaks at entirely different times, the peak for 1908 
being in February and the peak for 1907 in April. The foregoinjg 
examples may serve to point out the mental effort necessary in read- 
ing horizontally if the danger of misinterpretation is to be avoided. 
If the curves for these same years 1907 and 1908 were plotted on 
4-by-6-inch cards, and one card placed above the other as in Fig. 207, 
there would be no possibility of error on the part of the reader. The 
eye would follow the vertical lines and see at once that there was no 
great similarity in the two waves. ' Having five separate cards causes 
the reader to take more time in handling cards in order that he may 
save mental effort and avoid error in interpreting the yearly waves. 
Having five years on one card saves handling the cards, but it takes 
more mental effort to be accurate in reading the curve horizontally. 
The choice between five cards of one fiscal year each and one card 
for five years must rest with the judgment or the habit of mind of 
each individual person. 

It sometimes happens that the seasonal wave in a curv^e is almost 
completely obscured by the tendency toward a very great increase 
or decrease in the business. Conditions may give, so large an increase 
in volume of business in any one year as to more than offset any de- 



282 GRAPHIC METHODS 

crease due to a seasonal period of slackness. The manager may think, 
therefore, that his business is not affected by seasons, when in reality 
the seasonal changes are very great. The extent of these might be 
very evident if, for instance, a panic year should come along and 
suddenly stop the upward tendencies in the cur\^e resulting from 
the rapid increase in the size of the business. This is an important 
point for any small business to watch, for it may involve bankruptcy 
to assume that the particular business is not affected by slack seasons 
of the year such as affect most businesses. Fig. 211 gives an example 
of a curv^e in which a large amount of seasonal fluctuation might be 
easily seen if the rapid increase in the business did not make the up- 
ward trend from increased sales greater than the possible downward 
trend due to seasonal changes. 

It is often necessary to compare cur\'^es for entirely different things. 
For instance, it is desirable to compare expenses with sales. WTien 
sales increase expenses per unit should decrease, and vice versa. Tre- 
mendous saving can be made in most large manufacturing plants by 
carefully watching the curves for the unit expenses and the output. 
Something is usually wrong in any department in which expenses 
per unit increase at the same time that the output curve goes upward. 
When the amount of work done is fluctuating greatly, as during 
periods of business depression, the executive may often get many vital 
hints for the operation of his plant if he will simply make periodic 
examinations to see whether the overhead-expense curves for each 
department react in the manner which would be indicated by fluctua- 
tions in the curves for direct labor or for quantity of output. 

In making comparisons between separate curves there is a great 
advantage in having a standard arrangement of the five-year cards 
so that there may be no danger of comparing two curves for different 
years when it is intended to compare for the same year. It is desirable, 
as seen in Fig. 215, that all five-year cards should have the years 
arranged by half-decades. One arrangement includes those years 
ending in one to five inclusive, and the other arrangement takes those 
years ending in six to ten inclusive. The person reading the curves 
can then pick up any two cards relating to the same half -decade and 
compare the curves instantly and correctly, simply by placing the 
cards so that the edges coincide. If this half-decade arrangement 
were not followed there would be five different positions in making 
curve comparisons, and there would be grave possibility of frequent 
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error in that different years might be compared without the reader's 
noticing that he was making an error. In starting a new curve on a 
five-year card the curv^e should be started in the middle of the card 
if the first year plotted happens to fall in the middle of a half -decade. 
The half -decade arrangement should be carefully followed even though 
it does not leave a portion of a card unfilled. 

The fine-line curve running through Fig. 215 represents a twelve- 
months moving average of the points on the heavy curve. If the 
executive wishes to know the general trend of his costs, he refers at 
once to this fine line and sees what the cost has been for the last twelve 
months for which costs are known. In making up this moving average 
(as explained in Chapter VI), one month is dropped from the addition 
and another month is included in the addition, so that the twelve 
months added are always the most recent months for which figures are 
available. Note in Fig. 215 the degree of accuracy used in recording 
the figures for the curves. Costs are known quite accurately in this 
case and are recorded here to one one-hundredth of a cent. The moving- 
average line shown above is a much simpler line than the curve line, for 
the reason that the violent fluctuations in the heavy curve are largely 
eliminated by the method of moving averages. The general rule for 
smoothing a curve is that the number of points included in the moving 
average should be the number ordinarily found in one complete cycle 
or wave on the curve. This principle also was more fully discussed 
in Chapter VI. In Fig. 215 the length of the wave is approximately 
one year. It is accordingly good practice to have twelve points in- 
cluded here in making up the moving average, so as to give as smooth a 
curve as possible. If there had been a complete wave or cycle every 
six months instead of once a year, it would have been desirable to use 
six points in the moving average, rather than twelve points. The prac- 
tice in many offices is to use the last twelve months in making up a 
moving average, though it frequently occurs that a smoother curve 
would be obtained if some other number of months were used. 

As will be seen by reference to Fig, 91, points for a moving-average 
curve are usually plotted in the middle of the horizontal space covered 
by those points included in the moving average. In executive-control 
curves such as are seen here, it seems desirable to make an exception 
to the general rule and plot the last point on the moving-average curve 
so that it falls on the same vertical co-ordinate line as the last point 
included in the average. If the moving-average curve were made as 
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in Fig. 91 it would be following so far behind the periodic record curve 
that the ordinary reader would not realize that the moving-average 
curve is really up-to-date. For executive work, the object of a moving- 
average curve is not so much to get a smooth curve as to show the aver- 
age for the preceding year or other period of time considered. Under 
these circumstances it seems permissible to plot the moving-average 
curve as done in Fig. 215 instead of following the accepted method 
shown in Fig. 91. 

In the last portion of Chapter VII some of the disadvantages of plot- 
ting curves on ordinary ruled co-ordinate paper were discussed. One of 
these disadvantages is due to the great diflFerence in fluctuation with 
curves of small and of large numerical quantities placed near the bottom 
and near the top of a chart. In order to overcome this disadvantage, 
curves are often plotted on logarithmic paper. It seems desirable to 
point out that curves plotted on the curve cards described here are 
usually compared so that the disadvantages commonly found with 
curves plotted on ordinary co-ordinate paper are largely overcome. 
If only single curves are plotted on each curve card, and the zero line 
appears at the bottom of each card, then curves on diflFerent cards have 
approximately the same percentage scale. If two curve cards with 
diflFerent numerical scales are compared the comparison is much more 
accurate than would be the case if the two curves were plotted on a 
large sheet of paper to the same numerical vertical scale. The fact 
that the curves are all put into the same size of space on the curve cards 
causes them to have somewhere near the same percentage scale of 
height, even though the actual numerical scales may be widely diflFerent. 
Having all curves on the curve cards thus gives more accuracy and ease 
of reading than would be obtained if several curv^es were shown on 
large sheets of arithmetically ruled co-ordinate paper with one curve 
above the other to the same scale. 

On the left-hand edge of each curve card shown in this chapter will 
be noticed the word "Authorized'' with a space for a date and initials. 
When a new curve is added to the list of those curv^es which are regularly 
plotted in any organization, the man who desires to see the curve periodi- 
cally must put his initials and the date of signing on the left-hand 
margin of the card. This is to show his approval of the general form 
in which the information is given, and to authorize the expense neces- 
sary in collecting data and plotting the curve week by week or month 
by month. A definite authorization, by which some one must sign his 
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initials in the manner described, assists greatly in preventing unneces- 
sary clerical work, as it eliminates any curves which are not used 
somewhere in the organization. The man who approves the curve 
can be told just about what it costs to plot each curve. For instance, 
if three thousand dollars a year is expended for the labor, materials, 
etc., necessary in plotting all the curves m an organization, and there 
are three thousand curves kept regularly, it can be seen that the ex- 
pense per curve per year will be about one dollar. Therefore, if the 
man should wish one hundred curves plotted for diflFerent data relating 
to his department, he would be approving an expenditure of about 
one hundred dollars per year. 

At odd times before the end of any year the person who does the 
curve plotting should begin to get titles and scales in place upon the 
new cards, which will be necessary at the end of the year when the cur- 
rent curves have reached the right-hand edge of the cards. As most 
curves continue on the same basis as before, the man who has charge 
of the plotting would take the new cards to those different men w^ho had 
approved the curves in the preceding year. If, during that year, any 
change in departmental organization had occurred which would affect 
the manner of plotting a curve or the facts which should be shown in 
any curve, the change would automatically be brought to light by the 
man who must authorize the continuance of the curve. In large cor- 
porations, department heads and officials change so rapidly that con- 
tinual vigilance is necessary to weed out those records and clerical 
procedures which are no longer of any use. The authorization plan 
here outlined, if any man leaves a corporation, would automatically 
give his successor an opportunity to consider how much of the curve 
plotting should be continued on the basis formerly used. There is 
always a great personal difference in the manner in which executives 
desire reports prepared. The authorizing of curves periodically gives 
each executive an opportunity to think the matter over and to have 
data prepared in the manner which is most effective for his individual 
use. In most organizations the president or the general manager would 
be likely to have certain standard ways of assembling data and plotting 
curves, since the chief executive officer must usually refer at some time 
to each of the records of the different departments. The standards 
of the chief executive would thus tend to prevent any freak methods 
being introduced into the general curve-plotting scheme by any depart- 
ment head further down the line. 
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Each curve plotted regularly is assigned a serial number for con- 
venient identification. This serial number remains the same year after 
year, even though changes are made in the manner of assembling data 
or in any other minor details affecting the curve. The serial number 
is placed at the upper left-hand comer of the card, where it can easily 
be seen when the cards are filed in card-index filing cabinets. The cards 
are identified by the number and year, as may be seen in Fig. 211 where 
the three cards are mo 1911 1912. TMien two curves appear on the same 
card, as in Fig. 215, they may be identified by the letters "A'*, "B", 

"C*, etc., placed on 
the chart near each 
curve, and any refer- 
ence to the several 
curves may be made 
as4323A-1910,4323B 
-1910, etc. When 
five years are placed 
on one card the last 
year given is marked 
in the upper left- 
hand corner of the 
card, as in Fig. 215, 
to identify the card 
and show that it 
represents all the 
data for the half- 
decade ending in 
that year. 




Fig. 216. Each Curve Card Plotted Periodically Has a 
Serial Number. A 4-inch by 6-inch Record Card is 
Filed by the Curve Serial Ntunber to Give the Com- 
plete Information Necessary so that Anyone May 
Know How to Collect the Data and Plot the Curve. 
The Card, Shown Above, Refers to Curve 2678 Shown 
for Three Years in Fig. 207 and in Fig. 208 



It is not feasible or desirable to place on each curve card a title so 
complete that it gives all the information concerning the source of the 
data used in plotting the curve. It is better to use a fairly short title, 
and then have all supplementary information given on a separate card 
to which reference, if necessarjs can easily be made. Fig. 216 shows a 
4-by -6-inch card such as is used in conjunction with each curve card 
regularly plotted. The number on this card corresponds with the serial 
number on the curv^e card as will be seen by referring to Fig. 205 and 
Fig. 207. If two or more curves appear on the curve card, a card like 
that in Fig. 216 would have subheadings such as 2678A, 2678B, etc., 
all shown on the same card No. 2678. It will be seen that the informa- 
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tion given on the card in Fig. 216 is much too lengthy to be included 
as a portion of the title of any curve card. The information on the 
record card is so specific that a new man in an organization should be 
able to follow the card instructions and assemble all the data necessary 
to plot each curve in the whole set. 

Information cards such as are shown in Fig. 216 can sometimes be 
simplified by expressing the information as a formula. Curve numbers 
used in a formula may greatly simplify the method of expressing the 
fact that several sets of data must be added and one total divided into 
another total to obtain a desired ratio. Though information cards like 
that depicted in Fig. 216 are used principally by the man w^ho plots 
the curves, they are filed in such convenient location that they may be 
referred to by any executive who wishes to know the source of the data 
plotted on any curve card, or who wishes to see just what figures are 
included and what are excluded in making up any grand totals. The 
use of the serial numbered information card gives full information in 
condensed and easily accessible form. 



Chapter XIV 
RECORDS FOR THE EXECUTIVE 

A GOOD executive has been described as a man who decides 
quickly and who is sometimes right. Probably ninety per 
cent of the answers "Yes" or "No" given by a business 
man are based on opinion rather than on fact. The trouble is that 
the average executive cannot obtain and analyze facts quickly enough 
to base his decision on them. He is forced to decide quickly and his 
one hope is that he will guess "right". 

The problems confronting the executives have grown, in the last 
few years, to such an extent in volume and in complexity that it is 
increasingly difficult to find men with endurance and capacity great 
enough to match the jobs. The executives of our corporations, the men 
who are mayors of our cities, and the men in active charge of the govern- 
ment of our country are, without exception, the hardest worked men in 
the world. The stoker heaving coal into the furnaces of an express 
steamer has a better chance for long life than the man who accepts the 
presidency of even our best managed railroads and industrial corpora- 
tions. The stoker can at least sleep soundly at the end of his day's 
work. The railroad president is likely to be kept awake wondering 
whether his guess was a good one, whether his decision was "right". 

The men now steering the courses of our big corporations are men 
who have come up the line, step by step, through each department. 
They know accurately the relation of every department to every other 
department in their own company. They have available, also, a tre- 
mendous fund of information as to what has been accomplished by their 
competitors. The present executives of corporations are fortunate, 
in that they have seen, in their own business experience, each of the 
steps toward the greater division of labor and the consolidation of 
executive control which have done so much to make economic produc- 
tion possible by large-scale production. 

288 
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The present executives are extremely fortunate in that they had 
an opportunity to develop themselves at the same time that their 
jobs grew bigger. WTiat are we going to do ten years hence, when execu- 
tives who have had such thorough training have all retired or have been 
killed off by the strain of the job? Where shall we find men with broad 
enough knowledge and experience to decide, instantly and correctly, 
each problem placed before them? 

The answer is that the executive of the future will be forced to 
depend on the analysis of facts which have been collected and arranged 
for his instantaneous and continuous use. The executive of the future 
wuU decide quickly, and he will be more than "sometimes" right, be- 
cause he will base his decisions on the analysis of actual facts. His 
value as an executive will depend chiefly upon his powers of accurate 
analysis. 

Corporation directors are changing rapidly these days. Suppose 
a new director were to come into your corporation, what could you show 
him of the history and present standing of your business that would 
permit him to give an intelligent director's vote within a year of his 
election to the board? 

It is perfectly feasible to focus a whole business into records so 
simple that a trained man could see, in half a day, all the important 
tendencies well enough to give an intelligent director's vote. This, 
too, without a spoken word of explanation from anyone. The records 
themselves could tell the complete story in every detail if placed in 
proper graphic form. It is the purpose of this chapter to show how 
such a thing may be done. 

Fig. 217 shows a standard 4-by-6-inch filing case used to file curve 
cards and information cards. The right-hand drawer shows the 4-by- 
6-inch cards filed with appropriate guide cards. In this particular 
case, the guides give the names of branch houses by cities. The left- 
hand drawer shows the 4-by-12-inch cards filed according to the loca- 
tion of factories. As factory payrolls must be watched closely, weekly 
records of the payrolls were kept for this corporation, though monthly 
curves were found to be suflBcient for the sales. There is no diflSculty 
in filing the 4-by-12-inch cards in a standard 4-by-6-inch fihng cabinet. 
The follow-up block in the drawer is placed 12 inches from the end of 
the drawer, then the cards are filed lengthwise with a sufficient quantity 
of blank cards at the back to keep all the cards in an upright position. 
Of course a special filing cabinet 12 inches wide can be made if desired, 
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but it is not really necessary. In a cabinet like that shown in Fig. 217, 
the original curve cards would ordinarily be filed behind the guide cards 
showing the factory or selling-house locations, or behind guide cards 
showing the names of departments in any large business. All the cards 
for succeeding years w ould be filed behind the proper guide cards, with 
the curve card for the earlier year at the front. Having the card for 
the earlier year at the front instead of at the back permits comparison 
of curves for different years with a very slight lifting of the cards, 
and without any danger of the cards being put back in the drawer in 
mixed order. 

Information cards like those shown in Fig. 216 would be filed in 
the same filing cabinet. These 4-by-6-inch information cards are filed 
by curve serial numbers, with appropriate numbered guide cards so 
that any information card may be quickly located by its serial number* 
As the numbered information cards are needed only for occasional 
reference, they can be put in the back portion of a file drawer, leaving 
the front portion of the drawer available for the curve cards more fre- 
quently needed. 

In checking up the condition of his business, the executive usually 
considers it department by department. For this reason the original 
curve cards should be filed by departments so that the complete history 
of any department may be had from the cards behind the guide card for 
that department. A large portion of the executive's work, however, in- 
volves the study of his general business not by departments but by 
functions. For instance, the executive may wish to know how many 
employees he has in his whole business, and how many employees there 
are in each department, if he is considering the departmental increases 
or decreases which affect the total payroll. It is therefore desirable 
that the executive should have available for instant reference a cross- 
index of information which will show his whole business by function 
instead of by department. Such a cross-index can easily be provided, 
when curve cards are used, by taking a blue print of each curve card 
and then filing the blue print by function, instead of by department. 
In such an arrangement, there would be a complete set of guide cards 
giving different headings, such as "Number of Employees", "Total 
Sales", "Total Expenses", etc., with guide cards having suitable sub- 
headings placed behind each one of the main guide cards. A blue 
print of the curve showing the total number of employees in the cor|X)ra- 
tion would be filed at the front of the division for employees. Back of 
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this total card would be filed blue prints showing the employees in each 
department of the whole plant. Thus, if a total card at the front 
showed that the employees were increasing, the manager could refer 
to each one of the department cards filed immediately back of the total 
card to see in just which departments there had been an increase during 
the last month, and in which department there had been a decrease. 




Fig. 217. A Standard 4-inch by 6-inch Filing Case Is Used for the Curve Cards. 
Cards Twelve Inches Long Can Be Filed Lengthwise in a Drawer without In- 
convenience 

Guide cards separ&te the curve cards by dep&rtmentA. If desit«d, blue prints can be made from each curve 
card and the blue prints filed by eipense-accouut numbers, as a cross-index of the data on the white 
cards which are filed by departatents 

In a similar manner, the blue print showing total expenses would have 
filed back of it cards showing the detailed expenses by departments 
or by account numbers. If expenses had increased the manager could 
refer to the departmental or account-number cards and see just which 
departments or accounts were responsible for an increase or decrease 
in the curve giving the total. The cards in a large business would 
be filed by expense-account numbers, with the total card referring to 
any expense account for the whole business filed at the front of each 
group of cards giving the figures for that expense account by depart- 
ments. Thus, in a manufacturing plant, the card showing the loss 
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from spoiled work as a percentage of the total payroll could have filed 
back of it cards showing the percentage loss in each department. If 
the spoiled-work curve for the whole business should go up in any month, 
the manager could see instantly in which departments the percentage 
of loss had increased and in which the percentage had decreased. Let- 
ters could be sent to the foremen of the departments having bad records, 
calling their attention to the bad showing made. 

The cross-index of curves, obtained by filing the cards according to 
function or by expense-account number instead of by department, is 
of tremendous importance to the busy exeoutive. This feature alone 
may save a large amount of his time by making necessary information 
more accessible, and by affording information which may show leaks 
in his business that he would otherwise never know to exist. In a 
business of any size the cost of making one blue print each month from 
each original curve card is almost insignificant. The guide cards 
showing functions or account numbers remain useful year after year, and 
it is necessary only to discard a blue print for each card each month and 
to substitute the latest blue print made from the original curve card 
after a new point has been added. Having the original cards filed 
by departments and the blue prints filed by function or account number, 
the manager may instantly consider his business from whichever point 
of view he desires. He may study the whole operation of a given 
department, or he may study one function or expense account in its 
effect upon his business as a whole. 

Practically every company which does an annual business of 
$1,000,000 or more would find it a paying proposition to have a room 
reserved in the office as a general record or information department 
regarding all the facts of the business. Though such a room might 
be combined with a technical library for books relating to the particular 
art or industry in which the company finds its field of operation, it is 
advisable to have the amount of furnishings in the room limited so 
that there may be no likelihood of valuable confidential papers being 
lost or misplaced. Such a room really needs to have no more furniture 
than filing cases like those shown in Fig. 217, a large table, and a draw- 
ing table or a flat desk for the man who plots curves. 

It would be the function of a man having an office like that described 
to collect for the business all the data and facts which would be of any 
assistance to the executive, the officers, or the department heads. 
Most of his work would relate, of course, to getting data and plotting 
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curves for all the operating reports of different departments of the busi- 
ness. The operating reports regularly furnished by the accounting 
departments of the business would be gone through carefully, and 
figures transcribed from these reports to the curve cards mentioned 
previously. There could also be in the record room a series of maps, 
large wall charts in the form of curves, and perhaps loose-leaf books 
or large vertical card files for cumulative curves such as are shown in 
Fig. 134. Since the information contained in this room is practically 
a history of every phase of the business, it would be desirable to have 
the room enclosed with fire-proof walls and fire-proof doors and equip- 
ped with fire-proof file cases and furniture so that the destruction of 
the records by fire would be absolutely impossible. As good light is 
essential in such a room, large windows are necessary. The windows 
can ordinarily be sufficiently protected against fire by using polished 
plate glass reinforced with wire to prevent breaking of the glass from 
fire in adjoining buildings. 

The title given the man who does the work described is really not 
important. Ordinarily, in a large corporation, he would be ranked as 
assistant to the president, as he should report only to the chief executive 
officer in the particular oflSce in which he is located. He could, if 
desired, be given the title of chief of the record department, or, in a 
larger business where much specialized information is sought from 
outside sources, the title of "statistician'' might be justified. In the 
work of most corporations it would soon be found desirable to have a 
man of the type described collect and record, for convenient use, data 
from sources entirely outside of the business itself. Most companies 
have to buy large quantities of raw material which fluctuates greatly 
in price. To assist in making decisions relating to purchases, it would 
usually be found desirable to have curves plotted for the chief materials 
entering into the finished product, such as pig iron, copper, tin, zinc, 
cotton, lumber, coal, etc. Very desirable information could also be 
obtained concerning the business conditions of the country as a whole. 
Since practically every business is affected by the general waves of 
financial prosperity and depression, a good man in this position could 
be of great assistance to the chief executive, by carefully studying 
some series of curves (which might, after long experience, prove to be 
the best barometer available) to indicate changes for better or worse 
in the general financial conditions affecting the particular business in 
question. 
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In a business of ordinary size, the yearly outlay for an oflBce like 
that described and a man to run it would be comparatively small. It 
would probably be best to get a young man graduated within a few 
years from one of the technical schools, or from one of the' schools of 
business administration now established as separate departments in 
several of the large universities. If a man of the right type were told 
that he would report directly to the chief executive, and that he would 
have a confidential position with complete access to the records of every 
department of the whole business including both manufacturing and 
selling, he would be quite willing to start the work at a reasonable 
salary, knowing full well that the opportunities given would soon per- 
mit him to demonstrate his ability. A recent college graduate could 
be obtained for $20 or $25 per week, as he would see for himself that 
there would be chances for him to make himself worth much more inside 
of the first year or so. 

A man starting a record department of the type described would 
at first find his chief work in getting records for a series of years so 
that comparisons would be possible. In most corporations it is extreme- 
ly diflScult to get any kind of good records further than two years back, 
because of constant changes in personnel and changes in accounting 
systems without any reliable notes to tell just what these changes were 
and when they were made. In large manufacturing companies, sub- 
divisions and changes in the expense accounts are likely to occur as 
new departments are added or as new men of different training in ac- 
counting come into control of the accounting procedure of the company. 
After the back records have been fairly well tabulated and plotted in 
the form of curves, the work of keeping the curves up to date would 
be comparatively simple. One man can add one more point monthly to 
several thousand different curves, and do also a certain amount of 
the clerical work involved in making up ratios, grand totals, etc. If 
a record file of curves like that shown in Fig. 217 is once made thorough- 
ly up to date, for any business, it is easy to keep it up to date with only 
routine work such as any man of even ordinary mental caliber can do. 
Information cards 4-by-6-inch, such as are shown in Fig. 216, explain 
every step of the work required in plotting any curve, and even a new 
man just out of college would be able to follow the instructions well 
enough to take charge of a record system which some one else started. 
Thus, if it is desired after a year or two to promote a man who has built 
up a record system of this kind, it would be quite easy to have him break 
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in a successor so that there would be no change in the methods of col- 
lecting data and plotting curves. This possibility of taking on a new 
college graduate every few years permits having an excellent record 
department, even for a small-size business in which it would be thought 
undesirable to spend more than $3,000 or $4,000 a year to cover the 
total yearly departmental cost. 

It should be a strict rule for a record department of the type de- 
scribed that no original papers shall be taken from the room. The rec- 
ord department should be in a quiet place to which the president or 
any other oflScial may retreat to get completely away from the distrac- 
tions which are common in his own oflSce because of the telephone and 
constant visitors. In the record room the executive would be free to 
concentrate his w^hole attention on the record^ of what his business 
has been doing in the last weeks or months, so that he may be able to 
formulate plans for the future. Though the arrangement of the files 
in the record room would be well known to the executive, so that he 
could lay his fingers instantly on any desired curve or other record, 
the chief of the record department would be at hand most of the time 
so the executive could send word ahead to have certain curves or other 
records laid out for instant reference when he arrived. To save time 
the executive should not be required to put back into the card files 
the curve cards which he has taken from any file drawer. By using a 
large table the executive could simply push to the other side of the 
table any cards which he may have laid out for careful comparison. 
The man who has charge of the room can later put the cards back in 
the files. There is an advantage in having one man put all the cards 
back in the files, as in this way there is less chance of the cards being 
misplaced in the file than if several diflFerent executive oflScers were to 
use the cards and themselves put the cards back. It should be stated 
here that in the ordinary use of curve files such as are shown in Fig. 217 
an executive would not need to remove the cards from the drawer. He 
would simply turn the cards over one at a time, raising any card of 
special interest about three inches to look at it, but not removing it 
suflSciently to cause any danger of restoring the card in a wrong position. 
It is only when cards for a series of years are taken out and laid down for 
comparison with some other series of cards that there is any necessity 
for removing the cards from the drawer. 

The Westinghouse Electric and Manufacturing Company of Pitts- 
burgh regularly plot about four thousand curves which record the 
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activities of all departments of the business. The majority of the curves 
have one more point added each month, but some of the curves are 
on a weekly basis. Day and Zimmermann, of Philadelphia, are plotting 
a total of about eight thousand curves, most of the curves on a 
cumulative basis somewhat as shown in Fig. 134. In order to allow 
space enough for a cumulative curve (which naturally takes up more 
room than a curve plotted on a non -cumulative basis), the curves are 
plotted on cards 8J^ inches by 11 inches, and these cards are filed ver- 
tically in a tray desk so that a man sitting at the desk can instantly 
lay his hand on the proper card for any one of the eight thousand curves. 
Guide cards are of course used to make card location easier. To pre- 
vent cards being replaced at some wrong position in the file. Day 
and Zimmermann have worked out the clever scheme of notching in a 
similar manner the tops of all cards which are filed in any one division 
of the file. When cards are filed one after another the notches of indi- 
vidual cards form a groove in the group of cards. If any card should 
be filed out of place it would break the continuity of the groove and 
would instantly be noticed. In using the notched-card scheme two 
notches may, if desired, be placed in the top of each card, thus permit- 
ting many more group combinations than would be possible if only one 
notch were used. The notches may be cut with a special instrument of 
rather simple construction so as to insure their uniform spacing right 
or left from the upper corners of the card. A notch in the form of a 
segment of a circle is the most satisfactory. 

In order to keep the general rule that original curve cards shall 
not be taken out of the record room, it is well to provide means by 
which blue prints can be made quickly from any curve card. In a 
business of reasonable size, blue prints may easily be made with a 
small-size printing frame and sunlight printing, if the record room is 
located on the southern side of the building where there is sunUght most 
of the time. In large businesses electric blue-printing machines are a 
part of the regular equipment of the drafting office. If the drafting 
office is not near the record room, however, it may be well to equip the 
record room with an electric blue-printing machine and a small washing 
tank, so that blue prints of each card may be made without the neces- 
sity of taking confidential record cards out of the room. Photographic 
processes for copying records have recently been much improved. A 
machine called the photostat makes black and white copies quickly 
without the expense of glass negatives. With a blue-print machine or 
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a photostat in the record room, it would be a very simple matter to 
copy periodically the complete current set of curves so that the cross- 
index of cards by function or account may be provided for the execu- 
tive, as described in the preceding paragraphs. 

The plan suggested for a record department sounds much more com- 
plex than it really is. In considering the space and expense necessary 
for such a department it must be borne in mind that the time of the chief 
executive of a modem corporation is of a great value — almost beyond 
computation. The value of the president's time in a large corporation 
cannot be figured out on the basis of his salary, for it is certainly true 
that the executives of large corporations receive salaries much less 
than the value of their services to their corporation. A single "y^s" 
or "no'' decision of the corporation executive usually involves a gain or 
loss in the earnings of the corporation greater than the executive's 
salary for a whole year. Anything that can be done to give the presi- 
dent and the other executives better and more quickly available in- 
formation on which to base decisions is justifiable and should be in- 
stalled practically without regard to cost. 

In a large office it will be found desirable to give a number of 
department heads access to the record room. As no one w^ould ever be 
admitted to this room except the chief executive, and department heads 
who were given written permission by the chief executive, there would be 
no danger of confidential information coming into the hands of outside 
parties. As it may not be desirable to have department heads in a 
business know anything about the finances of the company as a w^hole, 
or anything regarding the records of departments other than their 
own, it may be best to have the curve cards filed in several drawers with 
a separate drawer for the cards relating to the work of each department 
head. If the drawers are equipped with spring locks, each department 
head could have a key to his own drawer, yet it would be impossible 
for him to go through the records of departments other than his own. 
The chief executive would, of course, have a master key to all the draw- 
ers, so that he could compare the records of one department with the 
records of any other department whenever he desired. The presence of 
the man in charge of the record department would in itself tend to 
keep minor officials from going through the cards relating to bank 
deposits, earnings, etc., for the corporation as a whole. There would 
necessarily be times when the head of the information department would 
not be in the room while minor officials were there, and the expedient 
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of locking up the summarized control curves for the whole corporation 
is therefore mentioned here as a possible safeguard. 

Directors and executives change quite frequently in large corpora- 
tions. When a new man comes into a corporation as an executive or a 
director, the value of his service to the corporation is at first practically 
nothing, and he may even for a while be considered a handicap to the 
corporation in that it is necessary for men who have been associated 
longer with the corporation to spend a great deal of their time in explain- 
ing to the new member the facts relating to the various departments and 
to the present scope of the business. This information is generally 
passed on from man to man by word of mouth. Usually there is no 
written statement giving in condensed form a bird's-eye view of the 
whole history and present field of the corporation. Broadly, it is now 
almost impossible for any new director in a corporation to give an 
intelligent director's vote on any proposition brought up within a year 
after he has joined the directorate. 

It will not be long before everj'^ man holding the position of a corpora- 
tion director or a corporation executive will be able to read, quickly 
and intelligently, simple curves and figures like those combined on the 
curve cards here. With a card-index file of curves and a record depart- 
ment like that described in this chapter, it should be possible for any 
trained man coming into a corporation as a new director or new official 
to give a fairly intelligent vote after only half a day's study of the 
curves, and this too without having spoken a single word to anyone. 
If the record department and the curves are properly kept, the whole 
situation would be shown on the face of the cards with far more clearness 
than it would ordinarily be possible to give by words alone, even if 
the whole history and present status of the corporation were told. 

Consider the value of a record department like that suggested, if 
such a department were part of the equipment of the mayor's office of 
any city. The department could be maintained continuously by civil- 
service employees who could keep the records in standardized form year 
after year, no matter what shake-ups there might be in political parties 
and in spite of the numerous changes in personnel usual when one set of 
city officers follow another with great rapidity. In municipal work 
there would be no necessity for keeping any except the original curve 
cards under lock and key, as all the information would be public 
property and, of course, available to properly authorized persons. It 
would certainly make a great difference to any new mayor if he could. 
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go to a record room and study a set of curves showing, for instance, the 
total number of men in the employ of the city year after year under 
different administrations. He would be able to see over a period of 
years the number of men in each city department such as fire, police, 
street-cleaning, etc., together with the average rate of pay. He would 
also have complete information over a long series of years regarding 
taxable property in the city, tax rates, total population, death rates, 
etc. All this information would be available instantly, not only to the 
mayor but to each member of the council, who might apply to the record 
department very much as he would apply to any good reference library 
when in search of information. The only rule necessary would be 
that no curve cards should leave the room. To safeguard information 
files to which numerous councilmen have access, it would be wise to use 
only blue prints in the open files, keeping the original cards in separate 
locked files, available only to the man who plots the data on each card, 
point by point, as information is received. Councilmen, civic organiza- 
tions, newspapers, etc., wanting copies of any record card should 
be able to get blue prints or photographs at a nominal charge of say 
ten cents per card copy. The New York Public Library is successfully 
working a plan by which photographs of any page of any book in the 
library can be provided to readers in a few hours at a cost of only 
twenty-five cents per page. A similar plan could be used for the sug- 
gested copies of official curve records. 

Progress in the government of the world, and especially in the 
government of cities and of industrial corporations, has been greatly 
retarded by the fact that the only information available to executive 
officers has been provided to the executive in the form which is most 
convenient for the use of the accountant. It is, of course, necessary 
that records should be kept accurately from the standpoint of good 
accounting, and the author has no complaint to make of accounting 
methods in so far as accuracy is concerned. ^ It is not, however, right 
that executive officers who must determine policies and who must make 
instant decisions should be forced to base all their decisions on 
information provided to them only in the form of the accountant's 
standard arrangement of balance sheet and operating statement. 

The accountant must necessarily take a bird's-eye view of the 
whole business from time to time, so that he may see how all the com- 
ponent parts add together, to make certain that he gets a balance. 
The result is that the accounting officer usually makes up a periodic 
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report, in which he gives at the end of any month or at the encj of any 
year a complete bird's-eye statement of the status of the business 
at that particular time. Because of the nature of his problems, the 
executive's mind must necessarily work in a manner absolutely dif- 
ferent from that of the mind of the accountant. The executive does 
not often want a bird's-eye view of his whole business at any one 
period of time. What the executive must have is a cross-index of the 
accountant's information, so that he may see over a long period of 
time the whole history of any portion of his business. Most managers 
are forced to work from the accountants' monthly statement, and 
their procedure is accordingly to go through the separate operating 
statements for several months and take off on scratch pads the figures 
for the items in which they may be particularly interested at the 
moment. These figures may have to be added together in order to 
compare a certain number of months this year with the same months 
of last year. This work not only takes the time of the highest paid 
man in the organization, but the hasty scratch-pad figures are likely 
to contain errors. It is absurd that executive officers should be forced 
to make their own cross-indexes of the accountant's sta-tement, and 
not only make these cross-indexes but make them while holding the 
long-distance telephone or at other rush times when seconds are 
important. 

The information as it comes from the accountant's office should be 
passed to the man in the executive department whose function it is 
to provide information for the executive by cross-indexing all in- 
formation from the accountant's reports and putting this information 
in the form of curves. The accountant's report would, of course, be 
filed carefully for future reference purposes if reference is ever neces- 
sary, but for the purposes of the executive the curve cards with the 
figures they contain are sufficient. Not only is the information for 
any subject shown on the cards as a curve over a long period of time, 
but the actual figures of the accountant's report are visible in such 
manner that they may be found instantly and quoted directly from the 
curve cards without having to refer back month by month to the 
original figures in the accountant's report. 

The manager or chief executive of any business using curves in 
order to keep in close touch with all departments will find that he 
needs a liberal education in logic to enable him to draw the correct 
conclusions quickly from the large number of facts available. There 
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are certain general principles which are gradually being recognized, 
and which within the next few years will doubtless be well enough known 
to classify and make available for the executive's use. At present, 
however, each executive must work out for himself his own means 
of recording data and of determining policies in operating his business. 
An example showing some of the diflSculties involved in correct inter- 
pretation is one concerning overhead-expense ratios. Some managers 
consider the ratio of indirect expenses to the direct labor in any de- 
partment of a manufacturing business as an infallible barometer by 
which each department of the business can be run. They little realize 
the absurdity of paying too much attention to overhead-expense 
ratios and the danger to the business of using overhead-expense ratios 
as a yard-stick by which to measure accomplishment. In this par- 
ticular case, that of a large manufacturing plant, a new department 
manager changed the manufacturing methods so radically that he 
was able to produce an increased output with less than half the former 
payroll for direct labor. The expenses for the foremen, clerks, sup- 
plies, etc.; in the department remained about the same as before. 
Because of the reduced amount of direct labor the overhead-expense 
ratio was of course doubled, much to the astonishment of the chief 
executive, who accordingly considered this department as the worst 
managed in his whole works. This executive had been running his 
plant for so many years on the expense-ratio basis that the new de- 
partment head found it almost impossible to convince the chief ex- 
ecutive that the department was making money more rapidly than 
ever before, even though the overhead-expense ratio had doubled. 
The overhead expense itself had not increased, and the ratio was 
doubled simply because the amount of direct labor had been de- 
creased. 

It is perhaps worth while to point out here that there is danger 
in giving too much information and too many facts to executives 
of small brain capacity who do not know how to use their authority 
intelligently. Curves such as those described in this and the preceding 
chapter, placed for the first time in the hands of the executive who 
does not know the technology or the general underlying principles 
of the business which he controls, are Ukely to prompt such a narrow- 
minded director to send out a regular deluge of letters unjustly crit- 
icising the actions of his subordinates. There is a possibility that a 
small-caliber man in the manager's chair may send out too much 
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destructive criticism and not enough constructive criticism. If such 
a misfortune should occur it would cause every department head in 
the organization to withhold information and consider the w^hole 
curve-record system as a new form of diaboUcal torture. Curves are 
not intended to give any chief executive an excuse to "jump on'* any de- 
partment manager or foreman. The curve records are intended only 
to point out those danger points at which construction work is needed. 
An executive of the right type will soon realize as he uses the curves 
that he must do the constructive work himself, and that the curves 
will really have more eflFect in changing the procedure in his own 
office than in changing the detailed routine in the departments of 
his various subordinates. 

One of the first tasks confronting any modem executive is that 
of training, on the one hand, his board of directors and executive 
committee, and on the other hand, his various department heads and 
their subordinates, to read curves accurately so that the facts pre- 
sented may be intelHgently grasped and applied to the benefit of the 
business as a whole. It is unfortunate that so many men serving 
to-day on boards of directors and in executive positions of large busi- 
nesses are not able to read even the simplest curve with any real 
grasp of the facts portrayed. Engineers and other trained men who 
have real facts available are tremendously handicapped in presenting 
the facts if it is not feasible to use the graphic method of presentation. 
A man prepared to show his data in the form of curves, for example 
like Fig. 157 or Fig. 159, feels that he would have an almost hopeless 
task to convey the vital facts if only spoken words might be used. 
The writer ventures to predict that within ten years practically all 
corporation directors and executives will be able to interpret curv^es 
with satisfaction to themselves and with great benefit to their business. 
The executive who cannot read curves will in the near future be the 
exception rather than the rule. 

If any general manager will take the trouble to train his department 
heads to read curves and will then supply to them curves showing the 
facts of his business, he will be tremendously repaid in the interest, 
enthusiasm, and real progress toward improvement which will be 
aroused in his men. 

It is possible to use a reflecting lantern like that pictured in Fig. 
218 to show on a screen the curves from the curve cards described in 
Chapter XIII. Lantern slides are not practicable when frequent meet- 
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ings of department heads must be held. The expense of making 
lantern slides each time a new point is plotted on each curve would be 
too great for even the largest corporations. Another disadvantage of 
using lantern slides is the impossibility of getting slides made quickly 
enough to represent always the latest points plotted on the curves. By 
using the original curve cards directly in the reflecting lantern there is 
always a certainty that the picture shown on the screen represents the 
very latest data which are available in curve form. When these curve 
cards are used in a reflecting lantern a simple slide carriage is made 




Fig. 218. Reflectoscope as Made by A. T. Thompson & Co., Boston, Mass. 

Lantern slides may be U5«i as shown at the top ol the picture. The aUtnd hoktins the book may be replaced 
by a simple cnrriaf^ arranged to take the 4-by-G-inch and the 4-by-12-iDrh curve cards. The very 
luteat data from the file shown in Fig. 317 may then be instantly reflected onto a screen tor use in a 
meeting of the departinent heads of a business. 

to replace the stand holding the book in Fig. 218. As the card is laid 
down flat in its natural position and in plain view of the operator, there 
is no likelihood of cards being put into the machine incorrectly. If a 
carriage about two feet long is used, the carriage may be moved 
alternately from right to left, and while one side contains the cards 
which are being reflected on the screen, the other side may be loaded 
with the cards next desired. On account of its length the carriage 
will hold curve cards for several succeeding years. By pushing the 
carriage slowly across the lantern the fluctuation in any curve may 
be shown for as long a series of years as may be desired. Simple spring 
clips on the carriage may be used to hold the overlapping cards in their 
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exact position. Not only are the curves themselves shown on the screen, 
but the whole face of the card is seen so that the figures for any points 
on the curve which are of special interest may be read directly from 
the screen. 

If the information or record room is large enough to serve for holding 
conferences the lantern and the screen may be installed permanently 
as part of its equipment. Ordinarily, however, it will be found best 
to have the record room more private than any room used for general 
conferences can be made, and the lantern would be part of the equip- 
ment of the conference room rather than of the record room. With this 
arrangement it will be necessary to take the curve cards from the record 
room to the place where the lantern is installed. The file for the curve 
cards (see Fig. 217) had better be equipped with spring locks so that 
there will be no danger, when the file is carried, of drawers slipping out 
and spilling the cards. A rod arrangement is never desirable with such 
cards as these, for the rod would spoil the bottom portion of the card 
and would also make it impossible to lift cards out for quick reference 
or comparison. Brass handles on the sides of the file case would make 
it easy to carry the case to the conference room. There, on a table 
beside the lantern, the cards in the file case would be available for use 
almost exactly as lantern slides are used with the ordinary lantern. In 
fact, the arrangement of the cards is even more convenient than the 
usual arrangement of lantern slides in that the cards have a guide index 
so that any desired card may be instantly located. 

An executive who wishes to have a meeting of his department heads 
need not make any very definite plan before the meeting begins as to 
what cards he is to show on the screen. He can start talking to his 
men, and, at pleasure, ask the lantern operator (ordinarily the statis- 
tician) for any set of curve cards which may be of interest to him at 
the moment, or which may be referred to at any time during the dis- 
cussion. The use of curves on a lantern screen in the manner suggested 
would entirely revolutionize the meetings of the department heads of 
a business, or the meetings of branch-house sales. managers. In sales 
work especially, the use of the various cards would make it possible to 
show the whole assembly the recent records made by selling houses in 
the different parts of the country. The cards for those houses which 
made particularly good records could be shown, the records could be 
commended, and conclusions could be drawn as to how the success 
had been attained. Records for the less successful houses could also 




Fig. 219. Curves on Swin^^g-leaf Display Fixtures Used for Ready Reference in 
the Office of Day and 2inmiennanii, Philadelphia. Each Leaf May Be Easily 
Carried to a Desk when Additional Points Are to Be Plotted on the Curves 

This same type of display Gxture la often coaveaiect for showing pin maps of differoit territories 

be shown, with comments by the sales manager giving his own' sugges- 
tions and asking for suggestions from the other branch-house managers 
present. 

Reflectii^ lanterns can be used at directors' meetings as soon as 
corporation directors know how to read curves. By using the lantern, 
the president could show facts relating to the business much more 
rapidly, much more clearly, and with greater accuracy than would be 
possible with any spoken words. The showing of curves would give 
the directors a chance to check the president's statements so that there 
would be less danger than at present of a corporation president so 
choosing his words that, though the words might be strictly truthful in 
themselves, they would be over-optimistic because they did not tell 
all the truth. The presence of the whole file of curve cards immediately 
beside the lantern would enable any director to call for facts relating 
to any phase of the business on which he might desire information. The 
use of these curve cards, and a lantern, would permit a properly educa- 
ted set of directors really to direct the business for which they are 
responsible to the stockholders. 
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It is sometimes desirable to have the chief facts relating to a business 
plotted on wall charts which are instantly visible in a conference room* 
Fig. 219 was photographed in the record room which adjoins the direc- 
tors' room of Day and Zimmermann, of Philadelphia. On the swing- 
ing-leaf fixtures a series of curves are plotted giving all the salient 
facts relating to a group of public-service corporations. Though this 
type of wall chart is in many cases desirable, there are limitations to 
the use of wall charts because the number of charts cannot be suffi- 
ciently increased to give all the detailed information which is usually 
necessary. Wall charts are suitable chiefly to furnish summarized 
information to directors or other men whose time is limited or who come 
to an office only at rare intervals. 

Wall exhibits of curves can sometimes be used with satisfactory 
results if special care is taken to draw the curves on a very large scale 
and arrange them on all four walls of a room. A prominent financier 
of New York City is said to have a large room, on the top floor of his 
residence, where the walls are completely covered with curve charts 
on which points are plotted as rapidly as data can be obtained. This 
man is so limited for time that he keeps in touch with general financial 
conditions by referring to the charts in this room for only a brief 
time each evening. He disappears to his reference room to meet 
his private secretary immediately after dinner. In the center of the 
room is a revolving desk chair with an ash tray fastened to one arm. 
For the length of one cigar the financier sits in his chair slowly re- 
volving the chair until he has covered the information given on all 
of the wall charts, perhaps, if necessary, asking a few brief questions 
of his secretary. Though very little of the financier's time is taken, 
he is able by concentrated thought on the facts shown by his w^all 
charts to keep in full touch with world finance and to map out his 
own plans for future operation. 



Chapter XV 
CORPORATION FINANCIAL REPORTS 

THE annual report of a corporation is usually mailed to each 
stockholder. The report, as commonly gotten up, contains prac- 
tically nothing except a brief statement by the president in 
regard to the last year's business, together with the balance sheet 
and operating statement furnished by the accounting officers of the 
company, and perhaps an audit by some firm of certified public ac- 
countants. The report sent to a stockholder is essentially in that 
form necessary for the auditor to check the financial figures and to 
certify to their being in balance and correct. 

Though the balance sheet and operating statement, with the letter 
of approval by the certified public accountant, are necessary and de- 
sirable, they do not contain, in themselves, the information most 
desirable and most intelligible to the average stockholder. What the 
stockholder needs most is a report from which he can make comparison 
with preceding years. The bankers and large investors who can pre- 
serve in their files annual reports of a corporation over a long period 
of years probably number less than one per cent of the total number 
of stockholders to whom the annual reports are sent. It is only in 
very large, well managed oflBces that a file of corporation reports is 
made so that a complete set of reports for a long period of years is 
available for comparison with any new report which may be received. 
The average stockholder cannot preserve his annual reports from year 
to year in such manner that he can lay his hands on the earlier reports, 
and thus compare the last report with the record of preceding years. 
Even if every stockholder should have some yet uninvented type of 
filing system by which everything is preserved and everything can be 
found instantly when needed, that would not solve the problem. Stock- 
holders are changing so rapidly that, of the total number of stockholders 
to whom reports are sent in any one year, a comparatively small percent- 
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age have been stockholders for more than two or three years. Because 
they have not been stockholders for any length of time, they cannot have 
available the annual reports of earlier years to compare with any annual 
report just received. The only way a new stockholder can possibly 
determine whether he wishes to buy some more stock or sell what 
stock he already has, is to hunt up some other stockholder or some 
banker who may happen to have a file of the annual reports over a 
period of years. Assuming that a complete file of annual reports can 
be found, most stockholders, if left to their own resources, would be 
hopelessly confused in trying to reach any correct basis for analyzing 
the figures. Each stockholder would have to take a sheet of paper 
and copy off, into different columns for various important items of 
the operating statement and balance sheet, figures for a number of 
years so that the figures for different years could all be seen at one 
time and compared. This means that each stockholder would have to 
make practically a cross-index of the most important data contained 
in a series of annual reports in order to study the different phases 
of operation independently. Even if the stockholder should know 
how to make such a cross-index properly, there are very few stock- 
holders w^ho would be willing to give the time and the mental effort 
requisite to make a tabulated comparison of the kind necessary. 

The absorption of good securities by the public has increased in 
the last ten years at a tremendous rate. Tlie Wall Street Journal 
has compiled statistics of the stockholders of the larger railway and 
industrial corporations showing that the numbers have grown as 
follows : 

1901 227,000 

1906 431,000 

1911 865,000 

1913 1,250,000 

Mr. Samuel Rea, the president of the Pennsylvania Railroad, 
recently stated that there are nearly 100,000 stockholders in the 
Pennsylvania Railroad and its affiliated companies, and that, the 
number of its bondholders probably exceeded 200,000. Therefore, 
if there are 1,250,000 stockholders of the railways and industrial 
corporations, there are doubtless considerably more than 2,000,000 
bondholders. Though there are many duplications in these figures, 
the fact remains that the prosperity of probably 3,000,000 investors 
is largely dependent upon the success of these corporations. 
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While the number of stockholders has been increasing, the average 
holdings of each stockholder have been steadily decreasing, and now 
average ninety-eight shares. The stocks of the United States Steel 
Corporation are great favorites among small investors. Taking the 
stockholders' list, it was found that among one hundred people, chosen 
at random, only nine own one hundred shares, or over, of both preferred 
and common stock, while forty-seven have less than ten shares each. 

It is highly ^desirable that corporations should not only keep their 
old stockholders, but should attract new ones. The surest way to 
accomplish this end is to treat stockholders with the utmost frankness. 
Although considerable publicity is already given to the affairs of the 
larger corporations, further publicity is desirable. The average stock- 
holder does not as a rule understand a balance sheet, and has only the 
vaguest idea of his company's affairs. So long as dividend payments 
are maintained, he is content. To be sure, a stockholder can always 
get an impartial and valuable opinion from an investment banker con- 
cerning the past records and future prospects of any company, but it 
would be well if the annual reports of boards of directors to stock- 
holders contained material from which the investor could judge for 
himself to a greater extent. The material included should show the 
records of the company over a period of years, for the company's 
achievement in any one year may be unnecessarily discouraging, or 
fictitiously encouraging. These records are most easily understood 
when put in graphic form. With such graphic presentations any 
stockholder can learn instantly how the fiscal year under review 
compares with the several years preceding. 

The American Telephone and Telegraph Company have for several 
years shown on the back cover of their annual report a chart like Fig. 
249 portraying the growth in their business. Fig. 2 also appeared 
in an annual report of the same corporation to give a clear conception 
of what becomes of the company's revenue. 

Though Fig. 1 has not been used in any annual report, it shows a 
type of chart which could very readily be included in a financial report 
to give complete facts to stockholders regarding complex conditions 
on which the average stockholder would gather very little information 
from the kind of corporation financial report ordinarily sent to^him. 

The railroads have used charts in their annual reports to a greater 
extent than the industrial corporations. Some of the railroad charts, 
however, are not put up in such form as to be easily understood and, 
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with niany of the charts, there is danger of misinterpretation. For 
instance, it is not at all easy to analyze Fig. 220 so that its four dif- 
ferent subjects may be compared. 
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Hg. 220. Percentage Increase in Freight Service on the 
niinois Central Railroad Since 1902. This Blustxa- 
tion Was Taken from the 1912 Annual Report of the 
Company 

Four distinct Bubjerta are treated in this chart, but the horizontal ban 
are arranged in such manner that the reader is likely to think there 
ia only une subject. Probably moat readers would prefer to turn 
the chart so tliat It may be read from the left-hand edge as four 
separate curves. To a trained reader this information would be much 
more clear if put in the form of cur\-es like those seen in F'igs. iH, 

tis. 826, or 

Fig. 221 also shows several different subjects which should be 
compared, but for which comparison is not very feasible on the chart 
as given. In Fig. 220 the four different subjects were so widely sep- 
arated that comparisons were almost impossible, while in Fig. 221 the 
four different subjects have the bars so arranged that it is difficult 
for the eye to follow any one subject through the maze of bars. 

In Fig. 222 the method of presentation is somewhat similar to 
that used in Fig. 221. As seen in Fig. 222, however, the bars are 
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arranged horizontally with the earher year at the bottom, while in 
Fig. 221 the bars are arranged vertically with the earlier year at the 
right. In both of these charts the arrangement for successive years 
is incorrect, for the charts give the impression that all quantities por- 
trayed are becoming less in- 
stead of greater as years go on. 
The indiscriminate mixture of 
so many different kinds of 
bars in one chart makes a 
complex diagram to interpret, 
and it is probable that the 
chart would at least be no 
more difficult to apprehend if 
made entirely in the form of 
cur\'es instead of bars. 
Though it is true that curves 
are not understood by some 
people who can readily grasp 
the bar method of presenta- 
tion, there is no use in keeping 
to the bar method if the bar 
presentation is made as com- 
plex as a chart involving 
curves. 

Fig. 223 was not printed in 
a corporation annual report, 
but it is included here because 
it may show some possibility 
for the inclusion of curves 
in financial reports to give the 
stockholder more complete 
information than he would 
otherwise receive. The data 
of Fig. 223 are of interest 
when considered along with 
the charts seen in Fig. 224, Fig. 225, Fig. 226, and Fig. 227. Fig. 
223 is, however, misleading because the vertical scale does not extend 
to zero and the chart gives the impression of a much larger per- 
centage difference between net earnings and dividends than really 
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Fig. 221. Freight Service and Traffic on the 
Union Pacific Railroad and Auxiliary Com- 
panies 

This chart abows by years the prr rent of increase over the 
year entled June 3(1, 1898. in the gross revenue from the 
transportation of commercin) frei)(hl, the number of 
tons of commeifial freight rarried one mile, and the 
Dumber uf tnilea run by cars and lueomotives in freight- 
train service. Loroniotive miles include revenue 
freight-train miles, all mixed-train miles, and helping- 
train miles 

The illustration is reduced from the 191i annual report 
to stuckhuldera. The backward arrangement uf 
years from right to left causes the lint impreasiun that 
all quantities are growing less instead of greater. 
Four subjects ahuwn combined in one chart in this 
manner are confusing. Either four distinct groups of 
bars or four curves would be superior to the method 
used here 
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existed. Omitting the bottom of the chart makes the dividends 
appear a smaller percentage of net earnings than they really were. 
Fig. 223 could have been considerably improved, also, if the line 
showing net earnings were made much heavier than it is seen in the 
illustration. 




Hg. 222. Passenger Service and Traffic on the Union 
Pacific RaUroed and Auxiliary Companies 

This chart shows by yeara the per cent of increase over the year ended 
June 3(1. ISffi, in the gniia revenue fn>m the transportation of passen- 
gers. the number <>( paasenfters carrie<l one mile, and the number of 
miles run by ears and iocotnotivcs in passenKiT-train acr\-i('e. Loco 
n)oti\'e miles include revenue passen|^r-lrain miles, all mixed-train 
miles and helping passenger- train miles, but do not include miles run 

Here the reversed arrangement with the iHteHt year at the top gi^.i the 
erroneous impression that passenger business is decreasing, .\ ehart 
like this does not assist greatly in eonveving information lu the stock- 
holder 

What figures for an annual report should always be shown in 
chart form to make comparisons most clear is hard to determine, 
but it will doubtless be agreed that, if possible, the charts should 
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Fig. 223. Net Eamings and Dividends of the United States Steel Corporation 

Tlip fij^ures for net earnings are plotted by quarters. Dividend ligures are plotted to show the total divi- 
dends each year. The line at the top of the shaded arra shows the dividend paid. Di\-idendB eic«ed 
net earnings in portions of the years 1911 and 1 9 IS. but the total earnings of those years wen nevertheleu 
great enough to justify maintaioing the dividend rate 

Though this illustration contaios sorne interesting Information, the rhart is misleadbg because the icale 
does not extend to zero. \t first glance, the dividend of 1000 would seem to be more than four timei 
the dividend of 1908 when in reality it is only about twice as lal^ 

attempt an answer to these questions that naturally, arise in the stock- 
holder's mind: 

1. Has the earning power of the company been maintained? 

2. Is the property being kept in proper physical condition? 

3. Is the financial condition sound? 

For the purpose of illustrating the advantages of the graphic 
method for annual reports, the United States Steel Corporation has 
been selected. The chart shown in Fig. 224 is designed to answer the 
first question: "Has the earning power of the company been main- 
tained?" In order to bring out more clearly the very important 
relation between the surplus for dividends and the dividends paid, 
curves Nos. 3 and 4 are redrawn on a considerably enlarged scale 
as seen in Fig. 225. Curves No. 3 and No. 5 are therefore identical, 
as are also curves No. 4 and No. 6. 

Fig. 224 and Fig. 225 show that the Steel Corporation, like a 
large number of railways and industrial companies, reached the zenith 
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DOLLARS 
I, OOO, OOO, OOO 
900, OOO, OOO 
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400, OOO, OOO 
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200, OOO, OOO 
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Fig. 224. The Earning Power of the United States Steel Corporation 

Curve 1. Gross earnings 

Curve 2. Operating expenses 

Curve 3. Surplus earned available for dividends 

Curve 4. Preferred and common dividends paid 

Thb chart and the following charts relating to the United States Steel Corporation arc submitted as a sug- 
gestion to show how the annual report of a corporation could easily give comparisons over several years. 
The space required for the charts is insignificant, yet the stockholders would receive the vital facts in 
such form as to permit a full understanding of the condition of their company as compared with previous 
years 

of its earning power in the year 1907. In that year more than 15 
per cent was earned on the common stock, while only 2 per cent was 
paid. Curve No. 1 shows that the gross earnings in 1907 were $757,- 
000,000. Then follows, in 1908, the terrific slump in business due to 
the financial panic, with a gradual but uncertain recovery. By 1912, 
the corporation succeeded in bringing its gross business up to $745,- 
000,000, still somewhat under the 1907 high-water mark. 

The movement of operating expenses is depicted by curve No. 2. 
A glance at the chart shows that, during 1905-6-7, gross earnings 
tended to increase faster than operating expenses, which is again true 
in 1909 and 1910. In 1908 and 1911, it proved impossible to reduce 
operating expenses to conform to the reduction in gross earnings, 
with the result that profits were sharply reduced in both these years. 
In 1912, a unique situation occurs. Curves 1 and 2 run practically 
parallel, showing that although the gross earnings were largely in- 
creased, operating expenses kept pace. The largest factor in op- 
erating expenses is naturally labor, and the reports of the corporation 
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Fig. 225. The Surplus Earned and the Dividends Paid by the United States 

Steel Corporation 

Curve 5. Surplus earned available for dividends 
Curve 6. Preferred and common dividends paid 

These curves are the same as Curve 3 and Curve 4, respectively. The data are depicted here on a large 
scale so that the relation of dividends to surplus earned may be seen clearly 

throw the necessary light on this item. The average wages per man 
in 1907 were $765 per annum, and in 1912, $857. It has been shown 
that gross earnings in 1912 were less by $12,000,000 than in 1907, 
yet operating expenses in 1912 were $45,000,000 more than in 1907, 
being, as the curve shows, over $600,000,000 for the first time in the 
Corporation's history. 

Curves 3 and 5, representing the surplus for dividends, are of most 
interest to the stockholder. It will be recalled that when the Steel 
Corporation was organized in 1901, the common stock was inune- 
diately placed on a 4 per cent basis. In 1903 the disbursements to 
the common stock ceased altogether and even the 7 per cent upon 
preferred was seriously questioned. During 1906, 1907, and 1908, 
2 per cent was paid on the common, and then in 1909, the rate was 
first raised to 3 per cent, later to 4 per cent, and finally to 5 per cent. 
Conservative people have always criticised the 5 per cent dividend, 
believing that a 4 per cent rate would be more likely to be permanent. 
However, a consideration of the relation of curve No. 5 with No. 6 
will show that the Corporation has avoided the payment of unearned 
dividends throughout its career. The margin was very slim in 1903 
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and 1904 and again in 1911 and 1912. As the balance of earnings 
for the common stock in 1911 was only 5.9 per cent and in 1912 only 
5.7 per cent, a continuance for another year of such narrow margin 
would probably have meant the reduction of the 5 per cent rate, 
especially in view of the reduced appropriations for new construction 
and betterments, as disclosed in Fig. 226. Fortunately, however, 
for the stockholders, conditions in 1913 improved enormously and 
11.17 per cent was earned for the common stock. Considering only 
the figures charted here, it is evident that the earning power of the 
Corporation during 1912 was not maintained. 

To answer the question "Is the property being kept in proper 
physical condition?" the chart shown by Fig. 226 has been constructed. 

As seen from curve 7, depreciation and repairs have shown a fairly 
constant increase, the amount in both 1910 and 1912 exceeding that 
of 1907, although the gross earnings were larger in 1907 than in either 
1910 or 1912. This is a satisfactory sign. 

Curve 8 portrays the total amount of money invested in the con- 
struction of new plants, mills, etc. This curve reaches its height 
in 1907 (running up to $67,000,000) and represents in large part the 
creation of the great plant at Gary. Curve 8 shows that even the 
panic of 1907 failed to curtail new construction to any great extent. 
But the poor profits in 1912, coupled with the higher rate of dividend 
on the common stock, did produce a sharp contraction — from $50,- 
000,000 in 1911 to less than $15,000,000 in 1912— the latter figure 
being the smallest since 1902. This, however, is not to be criticised 
too severely, since it is clear that a continuous expansion in pro- 
ductive capacity might easily outrun the normal consumptive demand. 

Curve 9 represents the extent to which surplus earnings have 
been "ploughed back" into the property. This tells how the water 
has been squeezed out of the common stock. The report of the Bureau 
of Corporations in 1912 shows that, whereas there was a capitalization 
over indicated investment amounting to $625,353,559 in 1902, such 
excess was only $281,051,222 in 1910. Furthermore the report expressly 
states that this excess is not necessarily, nor entirely, "water". Up 
to 1908, curve 9 follows curve 8 very closely, indicating that the new 
construction was largely paid out of earnings, and not capitalized. 
Since 1907, there has been a tendency to finance such additions by 
the sale of bonds. This tendency, if not carried too far, is not open 
to criticism. One may, therefore, answer the second question in the 
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Fig. 226. The Maintenance of Property by the United States Steel Corporation 

Curve 7. Deprrciatlon. repairs, etc. 

Curve 8. Kxpenditure for new coostniction 

Curve 9. Appropriation from surplus earnings for construction and betternienta 

So more lines or figures are planJ on this chart than are really necessary. The intention was to make the 
chart just as simple and clear as possible. Not« the large quantities expressed by the numbers in the 
vertical scale, yet the wide spacing of the groups irf three figures makes interpretation very easy 
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Fig. 227. Financial Condition of the United States Steel Corporation in Different 

Years as Shown by the Balance Sheet 

C^urv'e 10. Current assets 

Curve 11. Cash holdings 

Curve 12. Current liabilities 

Here the numbers in the vertical scale represent larger quantities than in Fig. 226 and the spacing is closer 
in the vertical direction. Nevertheless, the numbers are easily read. To avoid any chance of error 
in interpretation it seems well to write out in full even the large numbers necessary here 

affirmative, for from the evidence given, the property has been ade- 
quately maintained. 

Fig. 227 illustrates the financial condition of the company as dis- 
closed by the balance sheet. This chart is very conclusive, for it 
shows a verj'^ large excess of current assets over current liabilities, 
while cash holdings have tended to equal or exceed the total cur- 
rent liabilities. The balance sheet, therefore, indicates continuous 
and increasing financial strength. Current assets in 1912 reach nearly 
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$300,000,000, compared with $275,000,000 in 1907. Current liabilities 
were $60,000,000 in 1912 and $45,000,000 in 1907, but cash increased 
from $54,000,000 to $67,000,000. The Steel stockholder has, therefore, 
good evidence that his compamy is being managed with great sagacity 
in all departments. 

An exhaustive study of the United States Steel Corporation would 
require a great many charts similar to the foregoing, but those given 
probably bring out clearly the main results in each annual report. 
The use of graphics to drive home statistics is yet in its infancy, and 
the next few years will doubtless witness a rapidly growing employ- 
ment. There seems no good reason why any management, desiring 
to tell the whole truth to its stockholders, should not adopt graphic 
methods to supplement, as well as to illuminate, the statistical tables. 

The famous economist, Stanley Jevons, wrote in 1875: 

There is much to be leamt about money before entering upon those abstruse 
questions, which barely admit of decided answers. In studying a language, we begin 
with the grammar before we try to read or write. In mathematics, we practice our- 
selves in simple arithmetic before we proceed to the subtleties of algebra and the 
differential calculus. But it is the grave misfortune of the moral and political sciences, 
as well shown by Mr. Herbert Spencer in his ''Study of Sociology," that they are 
continually discussed by those who have never labored at the elementary grammar 
or simple arithmetic of the subject. 

To-day, everyone still believes himself competent to discuss cor- 
poration finance, which is a branch of political science, in the same 
cheerful ignorance of the fundamentals of the subject. Everything, 
therefore, which will help to throw light on the dark comers of finance 
and make ignorance less excusable should be welcome. Never have 
corporation managers been more sensitive to public opinion, and if 
charts in annual reports make the truth more easily grasped (which 
they do) they will soon command an established place in corporation 
records. 

This chapter is largely based on an article prepared at the suggestion of the author by 
Mr. Pierpont V. Davis, of New York City, and published by Mr. Davis in Moody s 
Magazine. 
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Chapter XVI 
GENERAL METHODS 

THERE are a number of comparatively little known short cuts 
and convenient nciethods available in the collection and record- 
ing of statistical facts. If obsolete or unsuitable methods are 
used it may make a difference between success and failure in the work 
of keeping records of any complex business. WTien the methods of 
tabulation are too laborious, not only are the records so extensive as 
to be in disfavor, but they may occasionally include errors, in spite of 
the greatest care that can be taken by even the highest grade of employ- 
ees. Anything which will reduce the amount of mental concentration 
necessary on the part of persons collecting and tabulating facts, will 
ordinarily assist in the production of more accurate final results. In 
large statistical studies, such as are made by the United States Census 
Office, it would be practically impossible to get all the information 
now obtained if tabulating machinery were not brought to the aid of 
the human brain and hand. 

The punched-card system now widely used in statistical work has 
made possible an almost unlimited amount of subdivision of analysis 
with very little extra expense. Fig. 228 shows the card used by the 
United States Census Office for the 1910 census. One of these cards 
\\;as punched for each inhabitant in the United States in accordance 
with the data obtained by the Census enumerators. It will be aoticed 
that the card contains, different columns of names or numbers and that 
there are twelve classifications possible in each vertical column in which 
a punched hole may be made. Ordinarily the different columns are 
used for different subjects, and the position of the punched hole in each 
column records the classification of the data relating to that particular 
subject. 

The punched cards are stacked so that all are right-side up. It w^ll 
be noticed from Fig. 228 that the lower right-hand comer of the card 
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is clipped off. If any card in the stack is arranged improperly, it will 
show because the card will project beyond the other cards at the clipped 
comer of the pile. The stacks of cards are run through a sorting ma- 



chine such as is seen in Fig. 229. 
make a contact through the 
holes in the card, and operate 
the sorting mechanism auto- 
matically in such manner that 
the cards are dropped into com- 
partments in accordance with 
the position of the punched hole 
on the card. Cards are sorted 
for one particular characteristic 
at a time, so that all cards 
having that characteristic are 
obtained for tabulating pur- 
poses. After the data on one 
set of cards have been tabulated, 
the cards can then be run 
through the sorting machine 
again and sorted for other char- 
acteristics. This permits using 
the punched cards over and 
over again until all of the differ- 
ent data which may be of 
interest have been taken from 
the cards by the tabulating 
machines. 

Fig. 230 shows the tabu- 
lating machine as used in the 
general commercial work 
of corporations, and for 
State or municipal departments. 
The cards are placed in the ma- 
chine at the left and are fed 



Needles connected to electric wires 




Ctmrtay of 0\e Tdbulattno MtuMm Compamj 

Fig. 229. Hollerith Card-Sortiiig Machine 
Suitable for Use by Corporations for 
Statistical Work Relatit^ to Sales, 
Costs, Etc. 
This machbe nill sgrl about li,000 cards per hour. 
and place in the right ooinpurtment all <ar(ls having 
the hole punrhed in the sanip position in the particu- 
lar column tor which the sorting is done 



through automatically, one by one, so that electric contacts are made 
wherever there are holes punched in the card. The electric contacts 
cause the counting dials to revolve by just the right amount to record 
properly the data for each punched hole. 
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After any group of cards has been run through the machine the 
totals can be read off from the counting dials and written down by 
the operator. Then the machine is ready for some other set of cards. 
Machines are built with different numbers of counting heads to suit 
the complexity of the data in any kind of business. By having several 
counting heads on the same machine, different sets of information may 
be taken from the cards sinmltaneously, thus frequently permitting 
one run of the cards through a tabulating machine to give all the data 

which may be re- 
quired. 

The punched- 
card machines are 
proving to be of 
very great useful- 
ness in commercial 
work. Fig.231 gives 
a view of a com- 
pletely equipped 
office for the use 
of the punched-card 
system by an elec- 
tric lighting com- 
pany. The data are 
transferred from the 
original records to 
the cards by very 
simple punching 
machines with keys 
somewhat similar 
to typewriter keys. The punching is usually done by girls. A httle 
training and practice gives high speed. Once punched, the cards are 
always available and may be filed for record purposes. It is frequently 
a great convenience to be able to run through the machines cards for 
several years back so that comparative statistics may be made. The 
preservation of the cards makes it unnecessary to dig out the original 
records. The uniform size of the cards makes it possible to preserve 
large quantities of them with comparatively little labor. 

In punching the cards there are certain holes relating to depart- 
ments, dates, etc., which are repeated time after time for large numbers 




Fig. 230. Hollerith Tabulating Machine for Totalling 
the Data Contained on Punched Cards 

The machine illustrated haa four counters, permitting the simulta- 
neous taking ofT of the da t& contained under four different headings 
OD the punched card. The sorted cards are placed at the left 
of the tabulating machine and run through at the rate of about 
3,000 per hour. Totals arc read from the dialx shown at the right 
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of cards. Instead of the operators punching these repeated holes one 
by one in each card, the cards are punched by a gang punch, which at a 
single stroke punches several holes in many different cards. The gang 
punch can be seen in Fig. 231 on a table near the right-hand side of the 
illustration. 

Manufacturing companies now use the tabulating machines for 
keeping track of the cost of different orders and of diflferent classes 
of work in the factory. The data from the original time slips of the 
workmen are transferred by the punching machines to the cards day 
by day as the time sUps are turned in. The punched cards can^hen be 
sorted by order number and department, so that when each order 
is completed the total cost of all work on that order is obtained. The 
distribution of the value of work done by diflferent departments can be 
had also if desired. 

In keeping the records of a sales department, the facts relating 
to the various sales orders are transferred to the punched cards and the 
cards sorted and tabulated in any manner desired. A very large manu- 
facturing business having many kinds of machinery as a product, uses 
the punched-card' system for each order as it .is received in the plant. 
At the end of each tnonth the records show the total sales of each branch 
house, the total sales of each salesman, the total sales of each main class 
of product, and many other kinds of information. In this particular 
plant tabulating machines are of very great assistance, because they 
can be used to make a sales analysis for any one class of product. The 
punched card for each order shows the catalogue number of the product 
called for by that order. WTienever desired, cards for a definite length 
of time can be run through the machines so as to sort out all the cards 
for any catalogue number of product on which a study is to be made. 
The resorting of these cards by sales districts shows the distribution 
of the total sales of this particular product by distinct districts, or 
States, and, if desired, by diflferent salesmen. The sales for the various 
months or seasons of the year may be had if wanted. Though the data 
relating to the many kinds of product need not be regularly tabulated, 
the facts are nevertheless preserved so that tabulation for any particular 
class of goods or any territory can be made whenever a study seems 
desirable. 

The multitudinous uses to which these card-sorting and tabulating 
machines can be put are far beyond any possibility of naming here. 
The very great flexibility, speed, and accuracy of the machines make 
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Fig. 331. A Completely Equipped Office for Collecting and Tabulating the Operating 

and Sales Statistics of an Electric-Lighting Company 
The girls at the left are operating the key punches for puDchins the cards. A gaog punch is showD oa 

the table at the eitreme right. In the comer a the card-sortins machine, and the tabulating machine 

b in the cent«r. Filta lor punched cards are seen along the wall 

them almost indispensable in any work where there is large quantity 
of complex data to be analyzed. It has been found feasible and profit- 
able to use machines of this type in businesses of only moderate size. 
The adding machine is now so commonly used that it seems scarcely 
worth while to mention it here. There are, however, frequently times 
when special investigations must be made, but adding machines do 
not happen to be available, and the investigator feels seriously handi- 
capped because he must take from the original records only those 
items which may be of especial interest to him. In work of this kind, 
it is sometimes convenient to use one of the small-size pocket adding 
machines of which there are several different makes now on the mar- 
ket. Though these machines are not at all in the same class as the 
large key-operated machines, they are of assistance in taking off 
occasional items because they overcome the necessity for putting 
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down the items on a piece of paper for addition later by mental effort. 
With the portable adding machine the data are taken from the original 
work directly and added automatically as the work proceeds. 

Engineers do the greater portion of all of their computing work 
by means of the slide rule. By others than engineers, however, the 
slide rule is very little used. In the preparation of data for curves 
and charts for corporation work, or for any investigations where 
numerous percentages are necessary, the slide rule is almost indispen- 
sable. A 10-inch slide rule as shown in Fig. 232 is sufficiently accurate 
for most work, and, as it costs only a few dollars, it should be a part 
of the equipment of everyone who is doing even the simplest form of 
statistical work, or who is periodically ' plotting curves involving 
ratios or percentages. By using a sUde rule the percentage ratios of 
numbers can be determined almost instantly and with no mental 
effort. It can be confidently predicted that anyone who has much 
multiplication or division to do in relation to curve-plotting and chart- 
making will find the slide rule of such a great assistance that the 
rule would not be parted with imder any circumstances if a new one 
could not be obtained. 
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Fig. 232. A lo-inch Slide Rule 

The slide rule is oi great convenience in doing work involving multiplication or division* 
It is especially valuable for obtaining ratios or percentages in statistics for industrial 
work 

Judgment must be used in the showing of figures in any chart 
or numerical presentation, so that the figures may not give an ap- 
pearance of greater accuracy than their method of collection would 
warrant. Too many otherwise excellent reports contain figures which 
give the impression of great accuracy when in reality the figures may 
be only the crudest approximations. Except in financial statements, 
it is a safe rule to use ciphers whenever possible at the right of aD 
numbers of great size. The use of the ciphers greatly simplifies the 
grasping of the figures by the reader, and, at the same time, it helps 
to avoid the impression of an accuracy which is not warranted by 
the methods of collecting the data. 

A recent government report* contained this statement: "The 
cotton crop of last year (1911) aggregated 16,250,276 500-pound 

* " The Packing and Marketing of Cotton," l)y John M. Carson. 
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bales, the total value of which is $1,000,000,000 and, including the seed, 
$1,200,000,000." The figure for the number of bales implies that 
every single bale of cotton raised in the United States was accoimted 
for and that these figures are absolutely accurate down to one bale of 
cotton. This denotes an accuracy of 1 part in 16,000,000 parts, or an 
accuracy within 0.000006 per cent. It is very doubtful indeed whether 
the figures for the cotton crop are accurate within 1,000 or even 10,000 
bales. Suppose a possible error of 10,000 bales were assumed, and the 
^ cotton- crop put down as 16,250,000 bales, the accuracy would still 
be 1 in 1,625, or within 0.06 per cent. For most purposes it would 
be much preferable to use the round number 16,250,000 instead of the 
detailed figures which were given in the Government report. The 
particular report from which the figures are taken is not a tabulation, 
but a written report in regard to the methods used for packing cotton. 
Since the report was intended to be read by merchants and planters, 
rather than by statisticians, it is all the more important that the 
figures should be presented in round numbers so that they may be 
easily grasped. The mere fact that values for the cotton in the latter 
part of the quotation given above are in very rough estimates of such 
round numbers as ''$1,000,000,000", calls special attention to the 
use of detailed figures for the ''16,250,276 bales". 

Misleading figures implying a greater accuracy than justifiable 
are very often found as a result of the addition of diflferent quantities 
some of which are large and some small. The small quantities may 
have a great degree of accuracy, but this does not give accuracy to 
the sum of all the quantities, for the total cannot be any more accu- 
rate than the most inaccurate item included in the total. If a very 
large item is not accurate within ten thousand, then it is useless to 
include in the grand total the three right-hand digits which may be 
obtained as the result of addition. When some of the items included 
are so small that they are in tens or hundreds, the addition should be 
made to include all the digits. After the sum is known then all those 
digits whose accuracy is doubtful in the total should be replaced by 
ciphers. 

Fictitious accuracy is quite often implied in the results of com- 
putations where a slide rule has been used. The ordinary 10-inch 
slide rule can give an accuracy of only three significant figures, and, 
on the right-hand portion of the scale, the third figure is often some- 
what in doubt unless very great care is used in manipulating the 
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rule. This means that with the 10-inch sHde rule the accuracy is 
ordinarily no greater than 1 in 1,000, or one-tenth of one per cent. 
Though two quantities each running into five figures may be multi- 
plied on the slide rule, the product would not be accurate beyond three 
significant figures, and ciphers must be put down to express the re- 
mainder of the number for the product. 

If very large quantities obtained by slide-rule computation are 
added together with a number of small quantities, the total cannot, 
of course, be accurate beyond the third or fourth digit toward the right 
of the largest quantity included in the total. The fourth digit may be 
fairly accurate in the total, because in the process of addition the 
various figures added would tend to give a close approximation of the 
fourth digit and that digit might accordingly be put down in the total 
because it has at least a fair possibility of accuracy. 

It must not be assumed from the preceding paragraph that the slide 
rule gives figures too crude for ordinary use. There are comparatively 
few sets of data relating to costs, output, or other records of industrial 
work which have an accuracy greater than one-tenth of one per cent. 
For the great majority of ordinary problems, the data are so crude that 
the 10-inch rule has more than sufficient accuracy. The use of the 
slide rule on many classes of work has a desirable psychological effect, 
in that it calls attention to the accuracy of the data and assists in pre- 
venting unnecessary detail work which it is very easy to drift into if 
any assumptions of great accuracy are permitted to creep in. 

The question of significant figures in statistical work and even in 
ordinary commercial reports is an important one which should have 
greater attention than it ordinarily receives. Unfortunately the sub- 
ject can be only briefly touched upon here and the reader would do well 
to look the matter up in some of the books on statistical theory.* 

It sometimes happens that a few blue prints are required from 
some complex chart made on heavy paper or cardboard. Instead of 
making a tracing from the drawing by means of tracing cloth and with 
great expenditure of labor and time, it is sometimes feasible to treat 
the original drawing with a transparentizing solution so that blue 
prints can be obtained directly. The transparentizing solution is put on 
the paper with a brush or sponge and then blue prints are made in the 
ordinary manner. There are several different makes of the trans- 

* A chapter on " Approximation and Accuracy " will be found in '* The Elements of Statistical Method/* by Willford I. King, 
published by the Macmillan Company, New York City. 
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parent izing solution on the market and a supply can be obtained from 
most shops selling drafting materials. 

During the last few years very convenient photographic machines 
have been put on the market which photograph directly on sensitized 
paper without the use of any negative. With this type of machine, 
copies of drawings can be made very cheaply and clearly. One of the 
convenient features in doing work by this machine is that drawings 
can be enlarged or reduced within a wide range of sizes. The machine 
most commonly used for this work is called the photostat. In most 
large cities there are companies equipped with the photostat appara- 
tus who will at reasonable cost make copies of drawings sent to them,, 
much as the blue-printing companies make copies from tracings. Some 
of the best equipped libraries have now installed photostat machines 
as a convenience to their patrons. In a library so equipped it is pos- 
sible to have a copy made from any page in any book or periodical in 
the Ubrary. In the New York Public Library, the reader need only 
fill out an order form giving the exact page and the name of the publica- 
tion from which the copy is to be made, and state the size desired in the 
reproduction. Usually the copy is available within a few hours, but, 
if desired, it may be mailed, thus avoiding any necessity for waiting 
on the part of the person ordering the copy. In case of rare books or 
manuscripts, copies may be made page by page so that a complete copy 
of the book is obtained without prohibitive expenditure. 

Charts from which plates must be made . for printing are nearly 
always drawn considerably larger in size than the completed illustration. 
Most of the charts in this book were drawn two or three times as large 
as seen here. A photographic reduction in the size of the chart tends to 
eliminate minor irregularities and gives a much better result than can 
possibly be obtained from drawings in the exact finished size. In 
making the original large-size drawings it is almost essential that a 
reducing glass should be used to make certain that the finished drawing 
will have the desired appearance. With complex drawings it is often 
difficult to tell whether the lettering and figures are of large enough size 
to be read easily after they are reduced to the size to be used for print- 
ing. By looking through a reducing glass it can be determined at 
once whether the drawing is in correct proportions. A reducing glass 
is similar in appearance to the ordinary magnifying glass, but the lens 
is ground concave instead of convex so that everything seen through 
the glass appears of smaller size. The ordinary reducing glass can be 
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used for a reduction through quite a range of diflferent sizes by holding 
the glass at different distances from the drawing which is being con- 
sidered. 

One of the commonest errors made by the beginner in preparing 
charts from which printing plates are to be made is that he does not 
allow for the reduction in widths of the various lines. If the printing 
plate is to be made one-third the lineal dimension of the original draw- 
ing, it is essential that the lines on the original drawing should be made 
three times as wide as they are to appear when printed. The novice 
will find that even though he uses a reducing glass with great care, his 
heavy lines will at first nearly always appear less wide and black than 
he had expected and hoped that they would be. 

Quite often it is desired to change the proportions of some chart 
so that the ratio between height and width may be different from that 
of the original drawing. Though the photographic process used in 
the photostat machine or by the engraver (in making plates for print- 
ing) permits a change in size, the same proportions remain between 
width and height. There would seem to be enough demand to justify 
an engraver making a combination of lenses by which one dimension 
of a drawing may be changed more than the other dimension. By 
using two lenses having cylindrical surfaces and having the axes at 
right angles, there might be a possibility of changing the proportions 
of drawings which are copied without any great amount of expense 
after the apparatus has once been designed. 

Very often persons owning cameras do not know that the camera 
manufacturers are in many cases able to supply auxiliary lenses by 
which pictures and copies of drawings may be made practically full- 
size with ordinary cameras. Though the arrangement is not as con- 
venient to use as a regular copying camera, it may be of great service 
to supplement the work of a camera already owned. 

It is not generally known that line plates may be made from charts 
drawn on co-ordinate paper ruled with green ink. Such charts sent 
to many zinc engravers are returned with the statement that it is 
impossible to make a line cut from green-ink copy. The statement 
is made in most cases by the engraver without even attempting to 
make the cut. There is no difficulty in making excellent zinc cuts 
from copy using the ordinary green ink, and many of the cuts in this 
book have been so made, as, for instance. Fig. 156, Fig. 207, and 
Fig. 215. 
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Of course, when line cuts are made from charts having a green-ink 
background, the printed illustration shows both the black and green- 
ink lines as black, and there is no distinction between the diflferent 
lines. On this account, it is necessary for the person ordering the 
charts made from paper having green-ink lines to make certain that 
the main features of the chart stand out with prominent broad lines, 
so that there may certainly be a contrast in the width of the Unes 
when printed, to make up for the contrast obtained in the original 
drawing by the difference in color of the two inks used. 

Color printing is not yet ordinarily available unless a very large 
number of copies are to be made. In order to make areas stand out 
in contrast, different kinds of cross-hatching put on by hand ruling 
have been used very commonly. One trouble with the hand ruling 
is that it lacks uniformity unless done with very great care and to a 
scale considerably larger than the finished illustration, so that there 
may be enough photographic reduction to ehminate many of the de- 
fects which would otherwise appear. It is not widely known that 
there is a method available in the form of Ben Day mechanical shading, 
which is far superior to cross-hatching for line-plate work. Most 
good engravers can do Ben Day work, and it is just a matter of speci- 
fying what kind of shading is desired on the different portions of the 
drawing. With the Ben Day shading, more degrees of shading from 
light to dark are feasible than with hand work, and, in addition, there 
are many varieties of lines and patterns which may be used. 

Since Ben Day work must be applied on each area separately by 
means of a transfer process, it is necessary for the engraver to make 
certain that the Ben Day shading shall not appear on some portion 
of the zinc plate where it is not desired. This requires that the en- 
graver must protect the different portions of the zinc plate by a paint- 
like covering, and this must be done for each of the different kinds of 
shading used. It is almost impossible to make any square-inch price 
rate for Ben Day work because each new plate is a problem in itself. 
The work is ordinarily charged for on a time basis, the usual rates 
being from $1.00 to $1.50 per hour. 

When copy to receive Ben Day work is sent to the engraver it 
is marked somewhat as shown in Fig. 233, so that the instructions 
to the engraver may be explicit. Crayon marks specify by number 
the kind of Beii Day shading desired, and arrows point to the diflferent 
areas to be shaded. This marking of instruction is done with a blue 
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pencil because blue does not photograph easily and has such a small 
effect on a photographic plate that it does not spoil the copy for making 
a good zinc plate. In order to make the zinc plate from which Fig. 
233 was actually printed, a red pencil was used for the bottom portion 
of the illustration referring to Ben Day work. Red photographs as 
black, and a zinc plate was obtained which shows the marking such 
as would be used with a blue pencil when Ben Day work is ordered 
from an engraver. Ben Day work has been used on a great many illus- 
trations in this book, and it is believed that the reader will have no 
difficulty in distinguishing the cuts with Ben Day work from those 
cuts for which hand shading was used. 
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Fig. 233. Copy from Which a Zinc Plate Is to Be Made with Ben Day Mechanical 
Shading 

This 13 tht ciipy from which thp plate for Fig. 1 was niaclc TTip arras to mrivc the Ben Day work are 
ilesifciiated by arrows and nunibem naming the particular kinrf ol shading desired. Sample hooka give 
a wiiie rhoicf of shadingn. The markings on the face of the eopy reganling the Ben Day work are made 
with blue pencil, since blue does Hot photugr»pb dark enough to affect the line engraving 
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There are a great many problems in graphic work which puzzle 
the person getting up a chart if there are three different variables 
to deal with. The problem, as ordinarily found, involves two differ- 
ent independent variables, and a dependent variable depending upon 
each of the two independent variables. Isometric drawings like Fig. 
235, or solid models such 
as are seen in Fig. 236 
and Fig. 237, can be 
used, but they require a 
great deal of labor and 
care to make and are 
accordingly not often 
seen. There is another 
method not perhaps so 
obvious as a sohd model 
but nevertheless of great 
value. When the data 
follow any definite nat- 
ural laws a chart on the 
style of Fig. 234 is of ten pj^ ^^ chart for Obtaining the WeT^t"^f"£rel 
simple to make and easy Plates ?^-inch Thick and of Various Widths and 

to interpret. By such Lengths 

1 , , A chart of this general type pennits lulng three variables. The two 

charts many COmpUta- imlepemlent variables here are length and width. Weight ts the 

tirtns mnv Kp ninHp wit>i depen<leat variable. ThU kind of chart is much simpler to 

tlOns maj De niaae Wltn construct than an isometric drawing like Fig. 167, or a model like 

accuracy and ease. ^s- *36 or Fig. as? 

In obtaining curves like those shown in Fig. 234 one of the variables 
is made some constant quantity, and the other two variables are then 
used to work out the data from which the curve is drawn. It can be 
seen, for instance, that if a definite weight and length of steel plate 
Vs inch thick is assumed, the width is absolutely fixed. To obtain a 
curve like that seen for 5 pounds in Fig. 234, it is necessary only to 
assume a weight of 5 pounds, then choose separate lengths one by one, 
and compute the widths which would correspond with the lengths 
selected to give a weight of 5 pounds. The various figures of width 
obtained are then plotted as points for the 5-pound curve, and a smooth 
curve is drawn through all of the points, giving the result seen in the 
illustration. After one curve has been plotted another weight is 
assumed in a similar manner, and new computations are made for 
various lengths on the horizontal scale. Though this method of chart- 
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ing requires some little labor in making the various computations, it is 
a very excellent one where the chart must be used for frequent reference. 
The information from such a chart as seen in Fig. 234 may be read from 
any portion of the chart, even though the intersection of the length and 
width lines for the size of the plate under consideration does not fall on 
one of the curve lines drawn. It can be seen for the example stated in 
the lower left-hand corner of the chart that the intersection of the ver- 
tical and horizontal lines of the independent variables falls halfway 
between the curve for 20 pounds and the curve for 25 pounds. 

The weight is accord- 
ingly taken as 22j^ 
pounds. 

Though the sub- 
ject cannot be fully 
gone into here, it may 
be suggested for those 
who care to consider 
further the general 
type of charts repre- 
sented by Fig. 234, 
that much work may 
be saved by making 
such charts on loga- 
rithmic paper. This 
subject has been dis- 
cussed at greater length 
in a preceding chapter. 
There are many classes 
of data which, when 
plotted on ordinary 
squared co-ordinate 
paper, involve plotting 
many points to produce curves like those seen in Fig. 234, but 
for which the same data shown, on paper with logarithmic ruling 
would give straight lines. When the curve lines are straight lines, it 
is necessary to plot only two points for each curve and then draw a 
line connecting those two points. This permits a verj- rapid construc- 
tion of the chart. A little practice in the making of charts is necessary 
before one can determine clearly the best method to use so as to produce 
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Fig- 335. Relations Between Arc of Action in Inches, 
Pitch Speed in Fee. per Minute, and Breaking 
Load in Pounds, for Cut Cast-iron Gears of Tea 
Diametral Pitch 

This illustration is drawn on isomftric ruling, with the ruling itself 
Mvn only a<i a liack^tround so as to give the appearance o( a solid 
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a simple chart. Paper having logarithmic ruling in both directions is 
the kind most frequently used for mathematical charts. Such paper 
can be purchased from almost any good store selling engineering sup- 
plies. Readers wishing to go further into the preparation of charts of 
this rather highly specialized character are referred to the excellent 
work of Mr. John B. Peddle, 
entitled "The Construction 
of Graphical Charts", pub- 
lished by the McGraw-Hill 
Book Company of New York 
City. 

The use of isometric pa- 
per for drawing charts repre- 
senting three dimensions 
was mentioned for Fig. 167. 
In Fig. 235 we have another 
application of this same iso- 
metric ruling. Instead of 
showing the whole sheet of 
isometrically ruled paper as 
a background. Fig. 235 shows 

only enough of the iso- Fig. 236. Tests of a Direct-connected Fan and 

metric ruling to give the im- i^«- ^« Model Shows the Effect on the 

, ° ^, Efficiency of die Fan of Different Outlet Open- 

pression of three planes meet- uigs and of Different Speeds of Operation 

ing like one comer of a box. Curves are plotted 00 mrdbourd by asauming coostant vi 
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tiona for the other two variables. Each o( the c 
cut (rum the cardboanl and alit halfway up or duwn the 
line for intersection with the cards at right angles to it. 
Cards are fitted together to give the effect seen above 



data is drawn on the isomet- 
ric ruling so that it appears 
as though placed in a corner 

made by the three planes. Parallel ruled lines then permit reading the 
chart from any one of the three different scales. The dependent 
variable is made the vertical scale here, just as in most charts where 
there is only one independent variable instead of two. The use of the 
isometric ruling is not as common as it would be if it were more widely 
realized how easily charts may be prepared to give the effect of solid 
models without the great labor which a solid model necessarily involves. 
Fig. 236 shows another method which may be used instead of the 
more laborious and costly solid model. Different curves are plotted 
by assuming at frequent intervals constant values for one of the vari- 



336 GRAPHIC METHODS 

ables of the data, and then plotting curves for the other two variables. 
These curves are made to the same scale on sheets of cardboard, and 
then the outline of the curve is cut out with shears so as to give 
a series of different cardboard curve sheets. The several sheets are 
carefully marked for their intersecting points, and are then cut half- 
way through in the upward and downward direction on the intersection 
lines so that the curve sheets may be fitted together to give an effect 
like that seen in Fig. 236. A cardboard exhibit on the scheme of Fig. 
236 is, in many cases, just as satisfactory as a solid model and it has 
the advantage of being quite easy to prepare without any special 
apparatus or materials being required. 

Fig. 237 shows a solid model of the type which may be considered 
the acme of graphic work when there are two independent variables. 
A model of this kind is ordinarily made of plaster of Paris, as that is a 
material easily handled and capable of being made into any shape 
desired. In making such a model the usual procedure would be to 
rule a flat;board with lines at .properly spaced intervals for each of the 
two horizontal scales. . Computations made by methods similar to 
those described foT , Fig. 236 would give the value, on the vertical scale, 
for each se^t of conditions corresponding to the intersection of each two 
lines ruled for the base and showing the horizontal scales. In Fig. 237 
the cost computations can be considered to give points on curves drawn 
on the surface of the solid model. These curves correspond exactly 
w^th the curves drawn on cardboarjd in Fig. 236. In order to locate 
the curve points which determine the surface of a solid model like Fig. 
237, wires are driven into the bottom board at the intersection of the 
ruled lines of the two horizontal scales, and these wires are made just 
the proper length to represent the figures computed for the dependent 
variable. TVTien all the wires are in position on the board, a box is 
made the right size for the base of the finished solid model, and with 
sides as high as the solid model is to be made. This box serves as a mold 
into which the wet plaster of Paris is poured. Care must be taken to 
have the bottom edges of the box fit well on the board so that the liquid 
plaster of Paris may not leak out. 

The powdered plaster of Paris may be obtained from any store 
selling building supplies, or from a drug store. Water is added and 
the mixture carefully stirred until it is free from lumps and of about 
the consistency of very thick cream. The fluid is poured into the 
box up to the desired height and allowed to stand for several hours 
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or over night until it becomes thoroughly hard. The box is then 
removed. In order to get the shape of the model as seen in Fig. 237, 
the plaster of Paris is very carefully scraped away with a piece of 
tin or some other simple tool until the ends of the vertical wires just 
show through. Before the plaster of Paris is poured in, care should 
be taken to mark the different sides of the board so that it will be 




Fig. 337. Three-dimensional Model Showing Cost of Light in 
Cents per 1,000 Candle-hours with 40-watt "Mazda" Lamps 
for Any Practicable Combination of Efficiency and Smashing 
Point. Price of the Lamp is 50 Cents and Cost of Electric 
Current is Assumed at to Cents per Kilowatt Hour 

lliree variables are cooaidered here. The two independent variables are repre- 
senteilat tbebaae of the model and the dependent variable, "coat", ia read from 
the i-ertical scale. A model of this kind can be made from plaster of Paris 
by following the methods described in detail in this chapter 

known in which portions of the plaster of Paris block the greatest 
amount must be removed before the wires come in sight. Knowledge 
of the position of the wires in the block of plaster of Paris permits 
removing the plaster rapidly without danger of taking off too much. 
After the wires do come into sight, the model must be carefully scraped 
so that the surfaces will have uniform curves without any humps or 
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hollows. If all the surfaces are concave, as they are seen to be in 
Fig. 237, the scraping is rather a simple matter since the surfaces 
between the two wires are lower than the wires themselves. If a 
solid model were made for data such as that of Fig. 236, much care 
would be necessarj% for in that case some of the surfaces are convex 
and it would be essential that enough material should be left between 
the diflferent wires to permit giving the nicely rounded smooth surfaces 
which would correctly represent the data. TVTien the surfaces have 
been scraped as nearly as possible to the proper shape they may be 
smoothed by rubbing with fine sandpaper. The external flat faces 
of the model may also be sandpapered advantageously to remove 
any marks which may remain from the surface of the box used as a 
mold. Lines such as are seen in Fig. 237 can be ruled on the surface 
and the different scales can be lettered bv hand. A few coats of boiled 
linseed oil will harden the surface and give an attractive finish. 

In Fig. 237 the lines giving oval figures represent certain oper- 
ating conditions which, from experiment and from study of the model 
itself, have been found to be most desirable in practice. The oval 
lines show the limiting conditions best for actual practical operation, 
and give the real conclusions which the model itself greatly assists 
in portraying. Solid models and three-dimension charts like those 
shown are of supreme value in studies of complex data. It is to be 
regretted that these methods of presentation involve so much labor 
that they cannot be used as frequently as might be desired. 

In political campaigns frequent use is made of statistical informa- 
tion. Campaign orators use figures which sound impressive when 
combined with a certain amount of eloquence. Too many of the state- 
ments, however, tell only a portion of the whole truth, and that por- 
tion is, of course, assumed to be the portion which the speaker most 
desires to have put forward. It is not ordinarily feasible in a si>eech 
to give all the facts over a series of years so that the hearer may draw 
any conclusions for himself. The whole system is weak in that the 
audience are forced to depend too largely on the statements made 
by the orator, rather than to draw^ conclusions of their own from data 
which are warranted to be authentic. When we have a larger number 
of people who know how to read curves, it will be a simple matter 
to present the arguments of a political campaign by means of a pro- 
jecting lantern with properly prepared charts thrown on a screen. 
Even now the charts could probably be so made as to be understood 
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and correctly interpreted by the average person attending a political 
meeting, with resultant increase in the eflfectiveness of the arguments 
they support. 

In municipal campaigns, especially, the lantern talk could be of 
very great interest to the voters if the slides were carefully prepared 
and arranged in a logical sequence. By using simple methods of 
charting, almost any kind of facts could be portrayed so that they 
would surely be correctly understood. Concise statements in con- 
junction with the charts should, of course, be used, somewhat as the 
main titles are placed under the illustrations of this book. Slides 
showing snappy questions could be thrown on the screen rapidly, 
and the succeeding slides could then answer the questions. Recent 
public improvements, bridges, etc., could be illustrated by maps and 
actual photographs. Pictures of fire apparatus and views showing 
the eflSciency of the street-cleaning methods, etc., could be used to 
add interest and to bring out certain points in regard to the operation 
of specific departments. There is no doubt that properly prepared 
lantern slides would have great weight with the voters, for lantern 
slides might seem to present a less biased point of view than would 
the average partisan campaign orator. 

In using lantern slides for campaign purposes it is not necessary 
to have a large hall for each showing of the lantern slides. Auto- 
mobiles could readily be equipped so that two cars could work to- 
gether. One auto would carry a screen, which could be very quickly 
put up, somewhat in the manner of a sail, when that part of the town 
had been reached where the lantern talk was to be given to a crowd 
in the street or on some vacant lot. The other automobile could carry 
the lantern on a stand between the front and rear seats. The power 
for the lantern would be obtained in the ordinary manner from tanks 
of oxygen and hydrogen carried in the car. A car containing the lan- 
tern equipment would be entirely self-contained and no electric wires 
or other attachments would be necessary. The lantern car would be 
stopped the proper distance away from the lantern screen on the 
other car, and the slides could be shown on the screen within three 
minutes after arrival in any desired section of the city. In thickly 
populated districts it would probably not be necessary to announce 
a political meeting of this kind, as word would be passed very rapidly 
that a lantern talk was in progress and the desired crowd would collect 
spontaneously. 
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One very great advantage of the lantern presentation in political 
work comes from the fact that after one good set of slides has been 
prepared, these slides may be duplicated at very small expense. Twen- 
ty or even fifty sets of slides might be shown in diflferent parts of a 
city simultaneously on the last few nights just before election. The 
main candidates are never able to make speeches at all of the desired 
points during the last few days, and they probably always feel that the 
last days or hours before an election are the most valuable of the whole 
campaign. When many sets of lantern slides are made from the same 
original charts there is very little additional expense, and the number 
of people who may get the benefit of the carefully prepared slides is 
tremendously increased. In every city there are many young lawyers 
or business men who would be willing to make a speech to accompany 
the slides if they could depend upon the slides for their main material. 
The number of people who may be reached during the last few hours of 
a campaign is thus almost unlimited if the lantern-slide method of pres- 
entation is used. 

From the educational point of view, it would probably be very de- 
sirable to have lantern slides used in campaign work, because there 
would be a very great amount of valuable information conveyed by 
the slides shown. With lantern slides showing well prepared charts, 
probably ten times as much information could be absorbed by an au- 
dience as could be obtained by listening to the most expert campaign 
speaker. In addition, there would be the great advantage that the 
facts presented by lantern slides would be understood and remembered 
months after the oratory of a campaign speaker had lost its beguiling 
effect and his statements been forgotten. 

It need not be thought that lantern talks such as are suggested need 
be devoid of all those spectacular climaxes which are so common with a 
campaign orator. Whenever it is desired to raise some enthusiasm, a 
photograph of a candidate could be thrown on the screen and a cheer 
would be sure to follow. There is an almost unlimited field for the 
exercise of ingenuity in the preparing of campaign charts. The sets 
of slides would have tremendous educational value, as well as great 
power in presenting political arguments in such manner as would most 
positively affect the vote. 

Methods used by newspaper offices and political clubs for giving 
out election returns to great crowds in the streets on the night of elec- 
tion day are not all that they might be made if a little thought w^ere 
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given to the subject. Though the projecting lantern is now used almost 
universally in presenting election returns in large cities, thus far the 
lantern slides give only very brief scrawled statements that certain 
cities or certain districts have gone for some particular candidate 
with some estimated plurality. A person coming out into the street 
after an evening at the theater has no way of knowing the import of 
the various telegraphic statements which may have been thrown on 
the screen earlier in the evening. It is only by watching the bulletin- 
board screen for half an hour or more that a newcomer is able to get any 
definite idea of how things are going. 

When arrangements have already been made for using a lantern to 
show the returns on a screen, it would cost comparatively little more 
to give election returns which would be of much interest to the whole 
gathering, as well as of great effectiveness in showing the situation 
clearly to any newcomer who might join the crowd. For a national 
election, slides could be prepared to the number of twenty-five or more, 
giving an outline map of the United States and showing only the State 
lines. As the returns come in, some man w^U acquainted with the 
political situation could summarize the tfelegrams received up to the 
last moment and give his opinion as to which candidates are leading 
each State. A person accustomed to coloring lantern slides could then 
immediately color in one of the map slides iaccording to some key, so 
the colors red, green, yellow, etc., on different areas would show that 
certain candidates were ahead in those States or districts. For muni- 
cipal elections, the wards and different divisions of the city could be 
colored in exactly the same manner as suggested for the States. The 
appearance of the suggested map as thrown on a screen may be judged 
somewhat from the map seen in Fig. 177. It would add much to the 
enthusiasm of the crowd if it were announced before election day that 
some well-known person would make the summary estimates from which 
the colored slides would be prepared. It would probably take less than 
fifteen minutes to color a lantern slide after the summary had been made 
up by the person watching the telegrams, and it would be feasible to 
show on the slide itself the hour at which the slide "went to press", 
as 9.30 p.m., 9.45 p.m., etc. As a new slide could be prepared about 
every fifteen minutes, a map summary shown on the screen need be 
only about fifteen minutes behind the latest telegraphic reports. 

In addition to the actual colored map, each slide should contain 
colored bars which would show by their length the estimated summary 
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of all the States or districts, so that the totals of different candidates 
might be easily compared. Thus, in a presidential election, the count- 
ing of the number of States for each candidate does not by any means 
give the whole story. The important thing is the number of electoral 
votes, and these would be best represented by the bar summary which 
would take into account the number of electoral votes of each State 
estimated as won by any candidate. With the combination slide show- 
ing, in the form of bars, both a map and estimated totals, any person 
coming out of the theater to join the election-night crowd could see 
instantly how the situation stood up to the moment the last slide was 
colored. 

With the election-return method outlined, the concise telegrams 
in handwriting would still be shown on the screen one by one as the 
news came in over the wire. A popular appeal to a large crowd can 
always be made by snappy statements such as "Jones concedes Chicago 
to Smith", or "California goes for Brown". Instead of holding state- 
ments of this kind on the screen until other news could arrive, however, 
any statement in written words would be taken off as soon as it had been 
grasped by the crowd and one of the colored maps would be thrown on 
the screen. Slides with colored maps and colored bars would be used 
as fillers, to be kept on the screen continuously whenever there were 
no telegraphic reports to be projected on the screen in written words. 
It would probably be found desirable, in many cases, to show telegraphic 
reports in such manner that a map would be thrown on the screen be- 
tween each two telegraphic reports, and also held on the screen w^henever 
telegraphic reports should not come in fast enough. 

Election returns are sometimes told to a whole city by search lights 
thrown from the top of some high building. National, State, or munic- 
ipal election returns can be kept distinct by the search-light method if 
certain directions, north, east, south, or west are announced for the 
lantern beams referring to the different kinds of election returns. 
Until complete reports have been received the lantern beams can be 
moved gradually up and down. After complete reports are in the beam 
can be held steady, so that the watchers even miles away may know 
from the angle of the light and its position that a conclusion has been 
reached, and who wins. 

Educational material shown in parades gives an effective way for 
reaching vast numbers of people. Fig. 238 illustrates some of the floats 
used in presenting statistical information in the municipal parade by 
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Fig. 238. Statistical Exhibits in the Municipal Parade by the Employees of the City 
of New York, May 17, 1913 

Many very lai^ r-harU, curvra aod other statiatiral displays were mounted on VFagons id such manner that 
interpretation was possible from either side ut the street. The Health Department, in partieular. made 
excellent use of eraphie methotls, ahowing in most coniini'int; manner bow tiie death rate is being reduced 
by modem methods of sanitation and nursinR 

the employees ofthe City of New York, May 17, 1913. The progress 
made in recent years by practically every city department was shown by 
comparative models, charts, or large printed statements which could 
be read with ease from either side of the street. Even though the day 
of the parade was rainy, great crowds lined the sidewalks. There can 
be no doubt that many of the thousands who saw the parade came away 
with the feeling that much is being accomplished to improve the condi- 
tions of municipal management. A great amount of work was neces- 
sary to prepare the exliibits, but the results gave ample reward. 



Chapter XVII 
A FEW CAUTIONS 

THE title fof any chart presenting data in the graphic form should 
be so clear and so complete that the chart and its title could 
be removed from the context and yet give all the information 
necessary for a complete interpretation of the data. Charts which 
present new or especially interesting facts are ver>^ frequently copied 
by many magazines. A chart with its title should be considered a 
unit, so that anyone wishing to make an abstract of the article in 
which the chart appears could safely transfer the chart and its title for 
use elsewhere. In the preparation of this book it has been found that 
a number of the charts used have been copied from one magazine to 
another, and that the titles under the charts have suffered much in the 
copying. This is due chiefly to the fact that the titles are not considered 
as an integral part of a chart, and that many magazine editors feel at 
liberty to use for a chart whatever title they happen to see fit. If 
each chart as first presented has a complete and clear title it will greatly 
assist in establishing a practice that anyone making a copy of a chart 
should copy the title as well as the chart itself. 

It is unfortunate that so many authors send in illustrations or charts 
for magazine articles without the titles to be used with the illustra- 
tions when printed. This often forces the editor to make the titles, 
and if he does not have complete information before him he cannot be 
blamed if he makes a mistake by using a title which does not correctly 
represent the data of the chart. To avoid the possibility of error, 
the editor may use only the most brief title under the illustration, and 
then trust to the chart being fully described in the context which goes 
with it. In such a case, the reader who may happen to be especially 
interested in the chart is forced to plow through a great quantity of 
context to find the particular paragraph which may happen to explain 
the chart. Though it is true that great care is necessary to give in a 
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few words a title for a complex chart, the result is well worth the effort 
and a chart should not be considered complete until such a title has 
been made. 

When large numbers 
of curves and charts are 
used by a corporation, 
it will be found advan- 
tageous to have certain 
standard abbreviations 
and symbols on the face 
of the chart so that in- 
formation may be given 
in condensed form as a 
signal to anyone reading 
the charts. Fig. 240 is 
shown here as an ex- 
cellent example of what 
may be done in mak- 
ing symbols which would 
be instantly understood 
by anyone seeing them. 
Though these particular 
symbols are not fitted for use in chart drawing, they may give a sugges- 
tion of the possibilities which exist for abbreviating into symbol form 
certain remarks or instructions, which it may be frequently convenient 
to place on the face of a chart as a guide to prevent misinterpretation 
by the reader. If the symbols for chart work are not too numerous, 
they would very soon be understood by each of the persons who 
regularly go over the operating charts of a company. 

It may be well to point out here that very large charts are sometimes 
a disadvantage rather than an advantage. In preparing reports, 
especially those reports which are used in typewritten form for limited 
distribution, there is a tendency to accompany the typewritten report 
with charts on very large sheets of paper, bulky and inconvenient to 
handle. Sometimes the scales of these accompanying charts are so 
large that the reader is puzzled to get clearly in his mind what the whole 
chart is driving at. There is a possibility of making a simple chart on 
such a large scale that the mere size of the chart adds to its complexity 
by causing the reader to glance from one side of the chart to the other 



Fig. 239. A Clear and Accurate Title is of Great 

Importance 

The clipping above, taken from the front page of a very prom- 
inent newspaper, shows an absurd title. If a thing is reduced 
100 per cenC it is all gone. How can drinking be reduced 
2,000 per cent? 
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Fig. 340. International Road Signs that Are Being Erected on the^Highways of Japan 
by the Nippon Automobile Club 

Any couveDtioiuil syrabols or siRiiBla adoptnl for use in graphic work should be as dear and suggestive fts it 
is possible to make them. The above illiulration is shown here as an admirable example of good prac- 
tice in the making oF graphic symlHils 

in trying to get a condensed visualization of the chart. There are 
relatively few curve charts which cannot be presented for report pur- 
poses on paper 83^ by 11 inches, the commonest size used for a type- 
writer. Though the placing of a chart on paper of typewriter size 
requires more care than is necessary if a ver^' large sheet of pajwr is used, 
the resulting chart is frequently more easy to interpret than it would 
be if made to a larger scale. 

A warning seems justifiable that the background of a chart should 
not be made any more prominent than actually necessary. Many 
charts have such heavy co-ordinate ruling and such relatively narrow 
lines for curves or other data that the real facts the chart is intended to 
portray do not stand out clearly from the background. No more co- 
ordinate lines should be used than are absolutely necessary to guide 
the eye of tlie reader and to permit an easy reading of the curves. Too 
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many magazine articles and transactions of scientific societies contain 
charts which are reproduced direct from finely ruled co-ordinate paper 
and show all of the lines of the co-ordinate paper in the finished illus- 
tration. Co-ordinate ruling does not appear prominently on most 
original charts because the ruling is usually printed in some color of ink 
distinct from the curve itself. When, however, a chart is reproduced 
in a line engraving the co-ordinate lines come out the same color as the 
curve or other important data, and there may be too little contrast to 
assist the reader. 

Curves are sometimes shown plotted vertically when a horizontal 
arrangement could be used without any difficulty. There seems to be no 
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Fig. 241. Comparison of American Automobiles for Four Years, in Cylinder Bore, 

Valve Arrangement, and Ignition System 
There is do ne««sity for plotting curves in the vertical position shown heie for it is only confusing to the 

reader. These curves cannot be read convcnienlly even by turning the boijc to read troni the left 

because some of the type would then be upside down. See Kig. i\% 
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real reason why Fig. 241 should have the curves arranged in the ver- 
tical direction. The vertical arrangement confuses the reader until 
he ascertains how the curves may be read by turning the book so that 
the curves may be read from the left in their proper position. 

Fig. 343 shows the data of Fig. 341 plotted in standard manner 
Fig. 242 is also of interest because it shows curves plotted from only 
a few points for each curve. Though one may be tempted to use 
some other method than curve presentation when only few points 
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Fig. 242. Comparison of American Automobiles for Four Years, in Crlinder Bore, 
Valve Arrangement, and Ignition System 

The slandnrd arrangement o[ the curves on this chart permits easy reading. Notice that curves are pei^ 
Tectly feasible as a method of presentation even thuugh there are only a tew poinU available tor each curve 
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for a curve are available, it can be seen that even if there were only 
three points instead of four in Fig. 242, the curve would still be valu- 
able to convey the desired information. In Fig. 53 and Fig. 54 methods 
' are shown by which charts which are essentially curve charts may be 
drawn even though there are available only two points for each curve. 




Fig. 243. Freight-Car Shortage and Surplus in the United States for Four Years, 
1907 to iQiif Inclusive 

The horizontal bars here are so numerous and are placed so clgse together that the charts have practically 
the general form of curves drawn vertically instead o( horitcm tally . It would seem just as well to repre- 
sent the data by r«al curves drawn with the standard horizontal arrangement 

WTien curves become as widely understood as the bar method of 
presentation, it will be found that curves can be used advantageously 
in almost every case where it is now common to use either vertical 
or horizontal bars. 

In Fig. 243 the horizontal-bar method has been elaborated so that 
the resulting chart has practically the general effect which would 
be obtained by a cur\'e chart. The reader who wishes to read Fig. 
243 in the form of curves is, however, forced to turn the book so that 
he may see the chart from the left with the curves running in a generally 
horizontal direction. The data would likely be just as well understood 
by railroad men if shown by real curves drawn in the standard manner. 
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At numerous places through- 
out this book criticisms have 
been made of curves and charts 
in which no zero line for the 
vertical scale was shown on the 
chart. Though this subject has 
been mentioned elsewhere it seems 
best to show here a few examples 
on the same general argument. 
In Fig. 244 the first glance im- 
Fig. 244. Average per Capita in the pression that savings-banks de- 




United States of Total Savings-bank 
Deposits 

At first ^lanc¥ the impreasion is that Americaiu are 
Kniwing rich very rapidly. Yet total depoaita 
per mpita have not diiubled in the sinteen years 
shown. If the bottom line of the chart were at 
the zero of the vertiral srale, an entirely dilTereDt 
impression would be given. See Fig. 445 



posits have increased with great 
rapidity is not entirely confirmed 
when it is noticed that the left- 
hand scale does not begin anywhere 
near zero. It is nearly always 
possible to make a chart so that 
the zero of the vertical scale will show. Usually, of course, the zero 
line is at the bottom of the chart unless there are negative quantities 
so that the curve crosses over the zero line and extends below it. 
In all cases the zero line can be made a heavy line. If the curve should 
extend below the zero line the width of the zero line should be so 
great that the reader will be cer- 
tain to interpret the chart from 
the zero line rather than from 
the bottom line of the chart it- 
self. 

It sometimes happens that the 
dataforachart involve high numeri- 
cal figures so that a large amount 
of space must be used if the zero 
line of the vertical scale is to be 
shown in the final illustration. In 
such a case, the bottom of the chart 
may have a wavy line as seen in 
Fig. 245 which portrays the same 
data as Fig. 244. Fig. 244 could 
have Ix'cn extended so that the bot- 
tom line would be the zero line if a 
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Fig. 245. Average per Capita of Total 
Savings-bank Deposits in the United 
States 

^Miencvcr possible a chart contaiDing curves should 
be so drawn that the Ecm of the vertical scale 
epIR'ara in the chart. If the Eero tine is Dot 
shown on the <'hart. that tact should be indicated 
by a wavy line at the liuttom warning the reader 
that interpretation niust be maile from the vor- 
tical acalc Bn<i not by visual measurement from 
the bottom line of the chart 
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IndkatJnQ INCREASE In Deaths tnm DeqenerBthm Di 

1890 



mid DECREASE Bun JUwtuhsts 




Elmer Riltenhouse, in the Sew York Time* 



Fig. 246. Comparison of Death Rates in the United States, Showing Reduction in 
Death Rate for Tuberculosis and Increase in Death Rate for Degenerative Dis- 
eases 

The chart gives the impression of very rapid decreases and increases, chiefly because the bottom line is 
not at the zero of the vertical scale. The figures used for the vertical scale are rather small in size and 
the rapid reader is not likely to notice that the scale does not begin at zero. Compare Fig. 447 and Fig. 
248 

somewhat greater amount of photographic reduction had been used 
in making the Hne engraving or if the proportions between the hori- 
zontal- and vertical-scale distances had been changed somew^hat. 
There is really no necessity for using the w^avy line for the bottom 
of Fig. 245 since the chart would have been better made with the 
zero line showing the bottom. Fig. 245 will serve, however, as an 
example to illustrate how the wavy line can be drawn to any chart 
w^here it is really inconvenient to extend the chart itself so that the 
zero line may show. 

D«at,h Rcrt^e 
Par 10.CXD0 
'40 




I910 



■Tubercu losls 



DeQenercrtivd Diseases 
(Heart*. Kidney, e^c^ 

Data of Elmer RiUenhouse 

Fig. 247. Comparison of Death Rates in tlie United States, Showing Reduction in 
Death Rate for Tuberculosis and Increase in Death Rate for Degenerative Dis- 
eases 

This chart is made from the same data as Fig. 246. Here the zero line is shown and the changes in death 

rate appear much less rapid than they do in Fig. 246. See also Fig. 248 
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Fig. 246 gives another example where neglecting to show the zero 
line may cause an entirely erroneous impression regarding the facts 
which the chart is intended to bring out. The failure to show the 
zero line at the bottom of a chart is so common a fault, found in nearly 
all publications, that some typical examples are shown here in the 
hope that a bad practice may be somewhat reduced. 

Fig. 247 gives the data of Fig. 246 redrawn so that the zero line 
is shown at the bottom of the chart. It is believed that this illustra- 
tion will prove conclusively how great an error may be made if charts 
are read hastily on the assumption that the bottom line of the chart 
is the zero line. Since some persons are almost sure to read a chart 
from the bottom line, it seems desirable that all charts should be so 
made that the reader may interpret from the bottom line as a zero 
line, or else receive positive warning that he should not do so. 
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Data of Elmer Riaeniunat 



Fig. 248. Comparison of Death Rates in tlie United States, Showing Reduction in 
Death Rate for Tuberculosis and Increase in Death Rate for Degenerative Dis- 
eases 

This illustration is identical with Fig. 246 except that here a wavy line is used at the base showing that the 
bottom of the chart is not at the zero of the vertical scale. It is always desirable to have the bottom line 
at zero. If that is not possible the wavy line should be used as a warning to the reader 

Though there is no necessity for showing Fig. 246 without having 
a zero hne at the bottom of the chart, Fig. 248 is presented here to 
prove how easy it is to make a wavy hne at the bottom of a chart if 
there should be any real reason why the chart cannot be made so 
as to include the zero line of the vertical scale. Fig. 248 is exactly 
the same as Fig. 246 except that the wavy line is used instead of the 
straight line at the bottom. 

The beginner in curve plotting and in curve reading is apt to be 
somewhat puzzled by the different effects which may be obtained by 
changing the ratio between the vertical scale and the horizontal scale. 
It is difficult to give any general rules which would assist in overcoming 
the beginner's confusion. Ordinarily the best way to get facility 
in making the proper choice of vertical and horizontal scales for plot- 
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ting curves is to take one set of data and plot those data in several 
different ways, noticing the changes which the different scalgs selected 
give in the proportions of the chart. Just as the written or spoken 
English language may be used to make gross exaggerations, so charts 
and especially curves may convey exaggerations unless the person 
preparing the charts uses as nmch care as he would ordinarily use to 
avoid exaggeration if presenting his material by written or spoken 
words. Most authors would greatly resent it if they were told that 
their writings contained great exaggerations, yet many of these same 
authors permit their work to be illustrated with charts which are 
so arranged as to cause an erroneous interpretation. If authors and 
editors will inspect their charts as carefully as they revise their written 
matter, we shall have, in a verj'' short time, a standard of reliability 
in charts and illustrations just as high as now found in the average 
printed page. 

Fig. 249 shows an interesting application of the use of charts to 
corporation reports. The back page of the annual report of the Ameri- 
can Telephone and Telegraph Company has the proportions seen in 
Fig. 249. As a report to stockholders is intencjed to be as optimistic 
as possible within the limits of truthfulness, there can scarcely be any 
criticism that the chart was so made that the growth in business was 
shown on the long direction of the page instead of on the short dimen- 
sion of the page. The chart in Fig. 249 is simple to understand, and 
probably very few stockholders would have any difficulty in making a 
fairly accurate interpretation. For the annual report of a corporation, 
it is likely that the vertical-bar method of Fig. 249 is preferable, from 
an advertising standpoint, to a smooth curve like that shown in Fig. 250. 

One special point relating to Fig. 249 is worthy of mention. At the 
bottom of the chart will be noticed the statement that the figures re- 
corded are those of " Januarj'^ 1st of each year". This statement may 
lead to an erroneous conclusion on the part of the reader, for he may 
feel that the difference in height between the bar marked 1911 and that 
for 1912 shows the number of telephones installed during 1912, when, 
in reality, it shows the number of telephones installed during 1911, 
since the bars represent the number of 'phones installed to the first of 
January of each year. If the statement at the bottom of the chart had 
been made "December 31st of each year'' there would be no danger 
of misinterpretation. If the statement were made for December 31 
it would, of course, be necessary to change the numbers at the bottom 
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Antertcan TfUphotu <t Tritffnph Co. 

Fig. 249. The Number of Subscribers' Stations Connected to the System of the Bell 
Telephone Companies 

This i 1 Ills! mt inn nm simn-n im the liack oin-er of the 1911 nnnunl report tu stockholders of the American 
Ti'lf j)liimi' & TpU'ftrnph Conipany. For the nvcrage stuckholdrr the vertical bara would probably be 
understood miirv readWy tlian tlic curve ahov,-n in Fig. 151). Com^te wiUi Fi.g. 45U antl Fig. 451 
354. 



•,700 


00.. 






















•,700 




























000 










































































: -I IZ 
















1,000 
».»00 
■,B00 

B.TOO 
B,«00 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
OM 
000 
000 

000 

OM 

000 

000 
000 

000 






























000 

000 

000 






















CONNECTeo TO THE BVBTEPil 


1_ Iito 








000 
000 
000 


B,IOO 

S.IOO 






















BELL TELEPHONE 






















COMPANIES 


__ (.OOO 




4,B00 












JAN. 1 18 

On jvu.7 1, nn 


FROM 


















•,000 










000 






1 iiiMi 
































"" """ r 














































Moo-^L 
























000 


1,T00 


































































































000 


























































































































000 
000 

000 
000 
000 


























1,700.000 






































































































































































000 










































































000 

100 

000 
000 

000 

ooo 

000 

ooo 

000 

ooo 

000 

000 


1,700 




















































z 






















j - ;.«« 




























000 

000 
000 

000 

000 
000 
000 
000 

000 
000 
000 












































' i 
















































.--' " : J " 
























_: [ 
















































::::: :::::; 






































































































: 


























- 


_ 
















i 


SE:2£|3SS = S?5 


SSSSpSSSSSIISlle 


U^sppSS = 



Fig. 250. The Number of Subscribers' Stations Connected to the System of the Bell 
Telephone Companies, December 31SC of Each Year 

The curve permits i|i]ii-kiT ,iiiil ni^rc ncciii-.il,- iril,r|iri'liitlipri than Ihe vertical bars but unfurtunatel.v curves 
are not readily understood by 11 -^ many i>i-ii]ili' N.ili- llmt the date on whirb the teleghoora 
is here specified as December 31st instead of a£ January Ut. Orai-^teV\v*b^- 
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of each vertical bar so that they would appear in each case one less than 
the figures given. With Fig. 249 as it is, the 1908 bar shows a great 
increase over 1907 and the reader is quite justified in wondering how 
it happened that a greatly increased number of telephones were installed 
during a panic year. From the chart as shown the reader is not likely 
to realize that 1908 is getting credit for the telephones installed during 
1907, which happened to be a very prosperous business year. Having 
the data recorded as of December 31 each year overcomes the difficulty 
and makes certain that no false impression can be obtained. 

Fig. 250 shows the data of Fig. 249 plotted as a smooth curve. For 
a trained class of readers the curve presentation is preferable to the bar 
presentation, for it permits seeing the fluctuations which have occurred 
from year to year more easily than they can be seen by glancing from 
bar to bar in Fig. 249. Within a few years it is probable that curves 
will be so well understood that a report to stockholders could best be 
made using the method of Fig. 250 instead of the method of Fig. 249. 

In order to show the different impressions which may be had if 
various proportions between the horizontal and vertical scales are used, 
Fig. 251 has been plotted from the same data as Fig. 249 and Fig. 250. 
For Fig. 251 an assumption was made that the chart would be printed 
on exactly the same size page as was used for Fig. 249. The scales for 
Fig. 250 were, however, arranged in the other direction on the page and 
the co-ordinate ruling was made so that some space would be allowed 
for extension of the curve in future years. As seen from Fig. 251 the 
growth in the telephone business does not appear nearly so rapid as 
would be thought from observing Fig. 250. Each of these charts is, 
however, plotted to exact scale and the difference in the impression 
obtained is caused only by the proportions of the vertical and the hori- 
zontal scales. The appearance of less rapid growth in Fig. 250 is 
assisted somewhat by the fact that the large-type title of the chart is 
arranged horizontally instead of in the form of a square as seen in Fig. 
250. The heavy black type with much greater spread horizontally 
than vertically tends to overshadow the curve itself and causes for the 
curve a more distinctly horizontal impression than would otherwise 
be obtained. A person reading charts must take great care that he 
does not give too much weight to the actual appearance of the curve 
on the page, instead of basing his conclusions on the percentage increase 
or decrease as judged from the figures of the vertical scale. The proper 
choice of scales for curve plotting is largely a matter of judgment, and 



358 



GRAPHIC METHODS 



•TV. 



Fig. 352. 



An Optical Dlu- 
sion 

The black line at the left appear* 
longer thaa the one at the right. 
The two lines are, however, of 



the judgment can be trained very greatly if it is kept in mind to examine 
every curve chart which comes to one's attention to see whether the 
vertical and horizontal scales have been so selected that the chart gives 
s, y a fair representation of the facts. 

The EngUsh language has so many 
words with double meaning and so many 
words for which the shades of meaning 
are rather indistinct that there are really 
many more chances of false impression 
from the written or spoken language than 
there are from the data expressed in graphic 
form. Nevertheless, a few examples of op- 
tical illusions are shown here so that the 
reader may have some idea of those peculiar 
things which may enter in to cause strange impressions if charts do not 
receive some degree of preliminary care and final inspection. Though 
many of the effects seen in Fig. 252, Fig. 253, Fig. 254, Fig. 255, and 
Fig. 256 are not likely to appear in 
ordinary chart work, they may not- 
withstanding cause difficulty in some 
kinds of very large wall exhibits. Fig. 
254, in particular, shows an effect which 
is to be avoided where large quan- 
tities of black ink are used. In a 
recent series of charts comparisons were 
made between different white squares, 
surrounded in each case by a black 
border practically as wide as the square at the center. It is not likely 
that a reader seeing a series of black squares with white centers of dif- 
ferent size would be able to judge correctly the relative size of the 
white squares at the center. 

Fig. 256 shows some of the difficulties 
which may be encountered if an attempt, 
is made to present data by comparing the 
relative heights of pictures of the human form. 
There are few people who will believe until 
they make measurements that the figure 
e appears larger of tlic girl in Fig. 256 is really of greater 
j>De^yetihetwo jength than that of the policcman. The illusion 
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Cmnan ol tht anlta soaua 

An Optical Illusion 

\a arrangement looks wider than 
it is high while the right-hand arrange- 
ment looka higher than it is wide. On 
each side the height is the same aa the 
width 




Fig. 254. An Optical lUu- 
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is caused chiefly by the perspective lines of the drawing which force 
one to estimate relative height to a certain extent by the number of 
perspective lines intersected instead of by the actual size of the black 
pictures. 

Before charts are sent to an engraver ' 
have plates made for printing it is wise 
have each chart run the gauntlet of a series 
questions, so that the time of the person doi 
the checking may be saved and also that t 
points more frequently overlooked may 
thoroughly considered in each case. Below i 
given a series of questions which may be fou 
convenient to anyone having charts to prepa 
This list is not by any means complete, a 
the questions are given here as general sugg 
tions only. The person checking a chart sim] 

^ .^. ^. reads the qu 

'.X-^^r:L ^^ tions one by ( 

j-.T from the boi 

■ . '^ and then ca 

.'s(f fully obseri 

the chart to 

whether it coe 

up to the stai 

ard. Whene' 

possible it is well 




to have the chart 



Fig. 



255. An Optical 
nitislon 



left-hand pair seem dOMst 
at the ends, while the right- 
hftnd pair seem dosest at 
the center. Tlie sides of the 
columns are really straight 
and parallel 



person other than 
the one who drew 
it. In every edi- 
torial office the 
Fig. 256. An Optical lUusion '^^* '^ recognized that one proof-reader 

The polici-man sppeara murfi Uller than the will find important erTOPS that WCTC 
(jirl. In reality the fiRUpe of the girl is ,>» nvpvlnok-pd hv annthpr r(>fldpr pniiallv 

inch taller than the figure of the policeman ovenooKca oy anotuer reaocr equally 

expert. Further, a mind much occupied 

with an idea may often fail to see important gaps in its statement, 

verbal or graphic, until perhaps they are noted by someone less familiar 

with the subject. Two points of view are always better than one. 
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CHECKING LIST FOR GRAPHIC PRESENTATIONS 

1. Are the data of the chart correct? 

2. Has the best method been used for showing the data? 

3. Are the proportions of the chart the best possible to show the 
data? 

4. When the chart is reduced in size will the proportions be those 
best suited to the space in which it must be printed? 

5. Are the proportions such that there will be suflScient space for 
the title of the chart when the chart has been reduced to final printing 
size? 

6. Are all scales in place? 

7. Have the scales been selected and placed in the best possible 
manner? 

8. Are the points accurately plotted? 

9. Are the numerical figures for the data shown as a portion of the 
chart? 

10. Have the figures for the data been copied correctly? 

11. Can the figures for the data be added and the total show^n? 

12. Are all dates accurately shown? 

13. Is the zero of the vertical scale shown on the chart? 

14. Are all zero lines and the 100 per cent lines made broad enough? 

15. Are all lines on the chart broad enough to stand the reduction 
to the size used in printing? 

16. Does lettering appear large enough and black enough when 
seen under a reducing glass in the size which will be used for printing? 

17. Is all the lettering placed on the chart in the proper directions 
for reading? 

18. Is cross-hatching well made with lines evenly spaced? 

19. Can Ben Day work be used advantageously instead of cross- 
hatching? 

20. Do the Ben Day shadings selected have sufficient contrast? 

21. Are all instructions for Ben Day work given so that it will be 
impossible for the engraver to make a mistake? 

22. Are dimension lines used wherever advantageous? 

23. Is a key or legend necessary? 

24. Does the key or legend correspond with the drawing? 

25. Is there a complete title, clear and concise? 

26. Is the drafting work of good quality? 
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27. Have all pencil lines which might show in the engraving been 

erased ? 

28. Is there any portion of the illustration which should be cropped 
off to save space? 

29. Are the instructions for the final size of the plate so given 
that the engraver cannot make a mistake.'^ 

30. Is the chart in every way ready to mark "O.K".'^ 

The English language has a grammar with hundreds of detailed 
rules concerning almost every possible construction. Though graphic 
presentations are used to a very large extent to-day there are at present 
no standard rules by which the person preparing a chart may know 
that he is following good practice. This is unfortunate because it 
permits every one making a chart to follow his own sweet will. Many 
charts are being put out to-day from which it would seem that the person 
making them had tried deliberately to get up some method as different 
as possible from any which had ever been used previously. Anyone 
of us would be thought of as a freak instead of as a genius, if he tried 
to invent his own constructions for the English language and to place 
words in some order never before seen, yet many persons are doing 
something akin to this when they attempt to present data by some 
new and outlandish method of charting. Below are given a few rules 
which may be of assistance toward getting graphic presentations more 
on a standard basis so that they may be instantly read. These rules 
are included here simply as suggestions, and they should be considered 
as only tentative until such time as definite rules have been agreed 
upon and sanctioned by authoritative bodies. 

RULES FOR GRAPmC PRESENTATION 

4 1. Avoid using areas or volumes when representing quantities. 
Presentations read from only one dimension are the least likely to 
be misinterpreted. 

2. The general arrangement of a chart should proceed from left to 
right. 

( 3. Figures for the horizontal scale should always be placed at the 
bottom of a chart. If needed, a scale may be placed at the top also. 

4. Figures for the vertical scale should always be placed at the left 
of a chart. If needed, a scale may be placed at the right also. 

5. Whenever possible, include in the chart the numerical data from 
which the chart was made. 



862 GRAPHIC METHODS 

6. If numerical data cannot be included in the chart, it is well to 
show the numerical data in tabular form accompanying the chart. 
. — y 7. All lettering and all figures on a chart should be placed so as to 
be read from the base or from the right-hand edge of the chart. 

— -^ 8. A column of figures relating to dates should be arranged with the 

earliest date at the top. 

9. Separate columns of figures, with each column relating to a 
different date, should be arranged to show the column for the earliest 
date at the left. 

10. When charts are colored, the color green should be used to 
indicate features which are desirable or which are commended, and red 
for features which are undesirable or criticized adversely. 

j 11. For most charts, and for all curves, the independent variable 

should be shown in the horizontal direction. 

- y 12. As a general rule, the horizontal scale for curves should read 

from left to right and the vertical scale from bottom to top. 

13. For curves drawn on arithmetically ruled paper, the vertical 
scale, whenever, possible, should be so selected that the zero line will 
show on the chart. 

14. The zero line of the vertical scale for a curve should be a much 
broader line than the average co-ordinate lines. 

15. If the zero line of the vertical scale cannot be shown at the 
bottom of a curve chart, the bottom line should be a slightly wavy 
line indicating that the field has been broken off and does not reach to 
zero. 

16. WTien curves are drawn on logarithmically ruled paper, the 
bottom line and the top line of the chart should each be at some power 
of ten on the vertical scale. 

^ 17. When the scale of a curve chart refers to percentages, the line 
at 100 per cent should be a broad line of the same width as a zero line. 

18. If the horizontal scale for a curve begins at zero, the vertical 
line at zero (usually the left-hand edge of the field) should be a broad 
line. 

19. WTien the horizontal scale expresses time, the lines at the left- 
and right-hand edges of a curve chart should not be made heavy, since 
a chart cannot be made to include the beginning or the end of time. 

20. When curves are to be printed, do not show any more co- 
ordinate lines than necessary for the data and to guide the eye. Lines 
J^-inch apart are sufficient to guide the eye. 
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^ 21. Make curves with much broader lines than the co-ordinate 
ruUng so that the curves may be clearly distinguished from the back- 
ground. 

22. WTienever possible have a vertical line of the co-ordinate ruling 
for each point plotted on a curve so that the vertical lines may show the 
frequency of the data observations. 

23. If there are not too many curves drawn in one field it is desirable 
to show at the top of the chart the figures representing the value of 
each point plotted in a curve. 

24. When figures are given at the top of a chart for each point in a 
curve, have the figures added if possible to show yearly totals or other 
totals which may be useful in reading. 

"'^ 25. Make the title of a chart so complete and so clear that misinter- 
pretation will be impossible. 

The American Society of Mechanical Engineers has invited about 
fifteen of the societies of national scope in America to co-operate in a 
Joint Committee on Standards for Graphic Presentation. The societies 
included are largely societies whose members have extensive use for 
graphic presentation in their daily work. One member from each 
society will be on this committee. It is hoped that the committee will be 
able to recommend a small number of brief and simple rules which may 
be used as a sort of grammar by persons who have graphic presentations 
to prepare and to interpret. Reports from this joint committee should 
be watched for so that any rules which may be agreed upon may be 
put into effect as soon as possible. 

Improvements in the means of transportation by water, rail, auto- 
mobile, wire, and wireless in recent years have caused a tremendous 
increase in the amount of printed matter and the amount of statistical 
material read by the average person. Newspapers and magazines are 
daily presenting more and more statistical information. If we study 
the subject even a little, it will be seen that each of us deals daily with a 
vast number of facts of a quantitative nature which could preferably 
be presented in graphic form. When graphic methods are more widely 
used for portraying quantitative facts, there will be a tremendous gain 
to accuracy of thought as well as a great saving of that most valuable 
thing in the world — time. 

THE END 
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Abbreviations for chart work, 345, 346 
Accidents, as affected by daylight, 140 

in industrial plants, 144, 145 

on railroads of United States, 134, 135 
Accountants, viewpoint of, 300 
Accuracy and significant figures, 326 
Acker, Merrall & Condit Co., 116 
Adding machines, pocket, 325 
Advertising, bead maps for, 253 

maps for, 238, 239 

use of curves for, 77, 78 
Allen, William H., 250 
American Jersey Cattle Club, 278 
American Machinist^ 335 
American Railway Association, 349 
American Review of Reviews, 46, 47, 229, 231 
American Society of Mechanical Engineers, 

ii, 31, 52, 54, 122, 363 
American Statistical Association, 167, 176, 

197 
American Telephone & Telegraph Co., 5, 

179, 240, 309, 353, 354, 355, 356 
Analysis of sales, 188 
Angle of a cumulative curve, 150 

of a curve, 131 
Annalist, the, see New York Times Annalist 
Annual reports, corporation, 307 
Apples, price curves of, 127, 128, 129 
Arithmetically ruled co-ordinate paper, 132 
Atlas of the U. S. Census, see Statistical 

Atlas 
Atomizer for spraying ink, 57 
Authorization for curve records, 284 
Automobile exports of United States, 41, 43 

factory records, 263 

factory schedule curves, 150 

sales records, 255, 264 
Automobiles, comparison of, 347, 348 
Averages, moving, 97, 283 

progressive, 153 

weighted, 103 

Babson, Roger W., 120, 121 
Bacteria in river water, 20 

in river water at varying depths, 85 



Bald Eagle Valley Railroad, 67 
Bar diagrams versus curves, 310 
Bars combined with a curve, 54 

certain made prominent, 29, 30 

for use in comparison, 22 

horizontal, 4 

horizontal, representing time, 53 

vertical, 46, 47 

vertical, for components, 138 
Bead maps, 251 
Beads for map use, 247, 248 

for statistical charts, 207 
Bell Telephone system, 353, 354, 355, 356 
Ben Day shading, 216, 220, 331, 332 

shading on maps, 209 

work, 331, 332 
Bertillon, 220 

Biologists, use of curves by, 203 
Biometrika, 202 
Blue-printing, 328 

cards, 259, 261 

curve cards, 291, 296 

machines, 261, 296 
Boards for pin records of costs, 191, 192 
Bonus earned chart, 52, 54 
Boston Elevated Railroad, 4 
Boston Globe, 212 

Boston Health Department Report, 30, 109 
Bowley, Arthur L., ii, 98 
Breaks in drawings, 190 
Bridges, drawing, upon photographs, 209 
Brotherhood of Railroad Trainmen, 103 
Building construction in United States, 120, 

121 
Buildings, maps for showing height of, 220 
Bureau of Railway Economics, 257 
Butter-fat curves, 279 

Camera lenses, 330 

Cameras, motion picture, for time study, 50 
Campaigns, political, 338 
Car-floats, dispatching, 61, 62 
Cars, shortage and surplus, 349 
Cardboard for blue-printing, 259, 261 
models, 336 
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Card-soiling machines, 322 
Cards for blue-printing, 259, 261 

for curve-plotting, 256 

for curves, 275 

for tabulating machines, 320 
Cards, information, 287 
Carson, John M., 326 
Cartoon drawings, 20, 21 
Cattle distribution in United States, 215 
Cautions, a few, 344 

Celluloid-covered tacks for maps, 247, 248 
Celluloid, ^rasing drawings from, 210 

flags for maps, 247 

for drawings with maps, 210 

for mounting maps, 210 

tacks for writing, 247, 248 
Cement plants in United States, 243 

price of for thirty years, 77 
Census Abstract, 218 

Census Atlas of United States. See Statis- 
tical Atlas 
Census-Office naethods, 320, 321 
Census tabulating card, 320 
Charts, best size for, 345 

in political campaigns, 338 

on walls, 306 
Checking list for graphic work, 359, 360 
Chicago Burlington & Quincy Railroad, 

40 
Chicago pin map for population, 246 
Chicago telephone rates, 126 
Choice of scales, 352 

Cincinnati, homes of factory workers, 214 
Circle and sectors, 5 
Circles compared, 36, 37 
Clamps for hanging maps, 232 
Cleveland Plain Dealer, 92 
Cloak and suit industry in New York, 166 
Coals, comparative value of, 88 
Coloring maps, 209 
Color-printing, 5, 331 
Colors for chart work, 57 
Columns of figures, order for, 45 
Combined curves, 125 
Commerce of the United States, 70, 71 

of the world, 76 
Commercial geography, 21 
Commercial Museum of Philadelphia, 70, 

74, 76, 112 
Commission on Economy and Efficiency, 

33, 34 
Comparisons, 20 

involving time, 36 
Comparison of curves, 107 
Compo-board, 232 



Component parts, 1 

parts grouped, 33 

parts shown by curves, 138 
Compound-interest curve, 131 
Conjugal condition of population, 9 

of population of United States, 168, 169 
Construction of graphical charts, 335 
Co-ordinate lines, spacing of, 362 

paper, 55 

paper for weekly records, 150 

paper, universal, 60 

ruling, 284 
Copper production, 26 
CopyiAg drawings, 329 
Copyrights on maps, 237 
Cork composition for map mounting, 232 
Com crop in United States, 44 

planting dates in United States, 213 

yield and rainfall, 124 

yield per acre in United States, 217 
Corporation directors, 289, 298 

executives, 280 

financial reports, 307 

record department, 292 
Correlation, 129, 199 

definition of, 199 
Corrugated straw-board for map pins, 191 
Cost analysis by pin boards, 191, 192 

of handling freight, 184, 188, 192 
Cotton goods, production and export, 74, 

75 
Cotton production, 22 

production and export of United States, 
41 
Country Gentleman, 213, 215, 232 
Cows, individual record curves for, 278, 279 
Crayons for coloring maps, 57, 221 
Crayons, paraffin, 57 
Crests and valleys of curves, 79 

of curves, 79 
Crop Reporter, 100 
Cross-hatching, 9 
Cross-index of curves, 291 
Croton water-supply curves, 160 
Cumulative curves, 149 

frequency curves, 174, 176, 177, 182, 184 
Cunningham, Wm. J., 132, 134, 135. 136 
Curtis Publishing Co., 238 
Curve comparison, 107 
Curve plotting, 47, 69, 84 
Curves and vertical bars, 47 

for the executive, 254, 288 

interpretation of, 357 

inversely related, 126 

plotted on cards, 259, 275 
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Curves and vertical bars, reading of , 302 

serial numbers for, 287 

shown by reflectoscope, 303 

versus bar diagrams, 310 
Cycles of curves, 97, 283 

in curves, 97, 283 
Cylindrical lenses, 330 

Data, 7, 42, 88, 126, 178, 204, 243, 333 
Data for curves, on face of chart, 80, 258 

for curves, shown on chart, 80, 258 

included in a chart, 24, 25, 26 
Dates, .position of, in curve charts, 72 
Davenport, C. B., ii, 164, 165 
Davis, Pierpont V., ii 
Day & Zinmiermann, 296, 305, 306 
Death rates in United States, 174, 351 
Decreases shown graphically, 30 
Degenerative diseases, 351 
Department of Agriculture Field Service, 

232 
Dependent variable, definition, 84 
Depressions, financial, 104 
Dimension lines, 5, 148 
Directors of corporations, 289, 298 
Dispatching charts for trains, 61, 62, 67 
Display fixtures for curves and maps, 305 

fixtures for maps, 233 
Distribution charts, 165 

curves, 165 

of wealth, 197 
Dividends and earnings of Steel Corpora- 
tion, 313, 314 
Dixon, Frank Haigh, 115 
Dodd, Mead & Co., 250 
Dodge's Advanced Geography, 22 
Double co-ordinates for curves, 95 

scales for curves, 95 
Draft curves for water consumption, 160 
Drawing ink, 46, 47, 276 
Dreyfus, Edwin D., 117, 118 
Drinking, reduction in, 345 
Droege, John A., Freight Terminals and 
Trains, 48 

Earnings and dividends of Steel Corpora- 
tion, 313, 314 
of college graduates, 111 
of wage earners in U. S., 180, 181 

Earthwork curves, 163 

Edison Company, New York, 108, 138, 
140, 146 

Eggs, price of, 100 

Elderton, W. P. & E. M., ii _ 

Election returns, methods of giving, 341 



Engineering Magazine, 12, 14, 17, 18, 116, 

125, 246 
Engineering News, 87 
Engineering Record, 79, 119, 209, 210 
Equitable Life Assurance Co., 174, 175 
Errors in comparison, 20 
Ewcrbeck, Dr., 225 
Exaggeration due to scales used, 353 
Examination marks, charting, 205, 206 
Executive control curves, 254, 288 
Executives of corporations, 289 
Exhibition board, 232 
Exports and imports of United States, 37 
Exports from the United Kingdom, 98 
Eye-catchers, 25, 26, 27, 123 

Factory, 147, 155, 180, 256 

Fan tests, 335 

Farm-land values in United States, 218 

Farwell,E. S., 335 

Figures included in a chart, 27 

misleading, 326 

significant, 326 
Files for curve cards, 289, 291 
Financial charts, 104 

prosperity curves, 293 

reports, corporation, 307 
Fire losses in United States, 120, 121 
Fisher, Irving, 10 
Fixtures for displaying curves and maps, 

305 
Flags, celluloid, for maps, 247 
Flat-top curve-plotting, 256 
Flood curves, 77, 79, 119 
Food prices in United States, 103 
Football games, charting, 212 
Foreign trade of United States, 139 
Forms, routing printed, 18 
Formulas for curves, 202 
Frankfurt a.M., Map of, 225 
Freeman, John R., 160 
Freight-car shortage and surplus, 349 

handling, curves for analysis of, 184, 
188, 192 

service on Illinois Central, 310 

service on Union Pacific, 311 

traffic density map, 224 

train operation, 123 
French curves, 201 
Frequency curves, 164 

Gang punch for cards, 324 

Gantt, H. L., 52, 54 

Garnett, W., 205, 206 

Gasoline costs for motor trucks, 198 
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Gasoline-electric generator advertisement, 

78 
Gear teeth, strength of, 334 
General Electric Review^ 78, 239 
General methods, 321 
Geography books, 22 
GiflFord, Walter S., 179, 240 
Gilbreth, Frank B., 50 
Good Housekeeping, 21 
Grammar for graphic work, 361 
Graphic presentation, rules for, 362 
Graphical charts, construction of, 335 
Green ink, making line cuts from, 330, 331 
Grolier Society, 358, 359 
Grouping of component parts, 33 
Grooves in cards for filing, 296 
Gummed letters, 46 

tape for map mounting, 231 

Half-tones from pin maps, 235 
Handling freight, cost of, 184, 188, 192 
Harriman, Mrs. E. H., 250 
Harvard Engineering Journcd, 337 
Harvard University, 212 
Harvard University graduates, 251 
Hazen and Whipple, 95 
Health-department reports, 108 
Heating and Ventilating Magazine, 93 
Height of university students, 165 
Hewes, Amy, 167, 176 
Himman, J. J., 114 

Hollerith tabulating machines, 229, 230, 231 
Holmes, H. W., 208 
Horizontal bars, 4 

for comparison, 24 

representing time, 53 
Hull, G. H., 104 
Human figure in comparisons, 39 

Illinois Central Railroad, 310 
Illusions, optical, 358, 359 
Imports and exports of United States, 37 
Incandescent-lamp tests, 337 
Income curves, 197 
Income of technical graduates, 204 
Increases shown graphically, 30 
Independent, the, 21, 38 
Independent variable, definition, 84 
Index numbers, 100 
Indianapolis Department of Health, 114 
Indianapolis smoke deposits, 245 
Industrial depressions, 104 
Indnstrial Engineering, 117, 118 
Infectious diseases shown in contrast, 30 
Information cards, 286, 290 



Ink, drawing, 46, 47, 276 
Internationale Baufach-Ausstellung, 225 
Inversely related curves, 126 
Inverted curves, 96 
Iron Age, the, 110, 119 
Irregular curves, use of, 201 
Isometric drawings, 333 
nding, 167, 334, 335 

Japanese road signs, 346 
Jersey Cattle Club, American, 278 
Jevons, Stanley, 319 

Joint Board of Sanitary Control, 166, 253 
Joint Committee on Standards for Graphic 
Presentation, ii, 363 

Keuffel and Esser Company, 326 
Key for charts, 360 
King, Willford I., ii, 328 

Labeling packages, 90, 91 
liamps, types in use, 138 

tests of incandescent, 337 
Land value in United States, 218 
Lantern slides for election returns, 341 

slides in political campaigns, 339 

talks in political campaigns, 340 
Legend for charts, 360 
Lenses, camera, 330 

cylindrical, 330 
**Less than " basis for frequency curves, 179 
Lettering on charts, 26, 82 
Letters of appeal for money, 250 

gummed, 46 
Lighter operation, chart for, 56 
Line cuts from pin maps, 234 

made from green ink, 330, 331 
Line thickness in reduced drawings, 242 
Lines connecting different bars, 31 
Loans to industrial employees, 156 
Locomotive feed-water curves, 159 
Logarithmic co-ordinates, 132 

paper, 334, 362 

ruling, 334 

scale for curves, 132 
Lorenz curve, 197 
Lorenz, M. O., 197 
Lubrication cost at a factory, 256 

Manufactured products of cities, 23 . 
Map and pin systems, 226 
Map copyrights, 237 

models, 225 , 

pins, 225 

pins used for cost analysis, 192 
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Map pins with numbers, 243, 247 

presentations, 208 

tacks, 225 
Maps, coloring, 209 

for corporation records, 293 

for election returns, 341 

for wall use, 225, 229 

mounting of, 231 

shading, 209 
Marx, Guido H., 334 
Mass curves, 149 
Massachusetts Institute of Technology, 

11, 198 
Mazda lamps, 337 
McAbee, William D., 245 
McGraw-Hill Book Co., 335 
Mechanical shading, 331, 332 
Merchant tonnage of United States, 112, 

113 
Methods, general, 321 
Metropolitan Sewage Commission, 20, 85 
Milk-analysis curves, 114 
Milk-production curves, 278, 279 
Misleading figures, 326 
Mode, 165, 170 
Models, card-board, 336 

solid, 336 
**More than", basis for frequency curves, 

179 
Morgan, J. P. & Co., 15 
Motion picture cameras for time study, 50 
Motor, 346, 347 
Motor trucks, cost for gasoline, 198 

cost of operating, 11 
Mount Holyoke College, 167, 176 
Mounting maps, 231 
Moving-average curves, 97, 283 
Municipal parades, 343 

record departments, 298 
Muslin facing for pin boards, 231 

Naphtaly, Sam. L., 122 
Natural scale for curves, 132 
Need for graphic methods, 1 
Newark, N. J., public schools, 2 
Newburgh, N. Y., report on schools, 24 
New York Edison Company, 108, 138, 140, 

146 
New York municipal parade, 343 
New York Public Library, 299, 329 
New York Times Annalist, 13, 45, 313, 350 
New York Times, 120, 121, 222, 351 
Newspaper circulation curves, 92 
Nippon Automobile Club, 346 
Numbered map pins, 243, 247 



Optical illusions, 80, 81, 358, 359 
Order of Railroad Conductors, 103 
Orders, routing, 19 
Organization charts, 14, 15 
Orrok, George A., 201 

Panics, financial, 104 

Parades, charts shown in, 342, 343 

municipal, 343 
ParaflSn crayons, 57 
Paris, height of buildings in, 220 
Paris, plaster of, 336 
Passengers carried on railways, 39 
Passenger service on Union Pacific, 312 
Payroll curves, 260 

record curves, 276 
Peaked-top curves plotting, 256 
Peaks of curves, 99 
Pearson, Karl, 202 
Peddle, John B., 335 
Pencil lines, erasing, 361 
Pennsylvania Farmer, 124, 127, 128 
Pennsylvania Railroad, 308 

profile of, 213 
Percentage scales for curves, 132 
Perspective routing charts, 19 
Philadelphia Commercial Museum, 70, 74, 

76, 112 
Philadelphia Transit Commissioner, 245 
Philip's Chamber of Commerce Atlas, 26, 

27 
Philippines, comparative size of, 211 
Photographing bead maps, 252 
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